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As a result of arteriosclerosis involving the kidney, the glomeruli 
may be profoundly altered. The concept of the glomerular change in 
arteriosclerosis generally held is that the glomerular alterations are 
secondary to the decreased blood flow resulting from the arteriosclero- 
tic narrowing of the afferent arterioles and to the effects of arterial 
hypertension on the tuft. Both Allent and Klemperer and Otani? be- 
lieved that the ischemia secondary to arteriolar narrowing or occlusion 
is the cause for all of the glomerular lesions. In this manuscript the 
position is taken that while the glomerular changes are in part sec- 
ondary to proximal arterial disease, they are also in part primary 
arteriosclerotic changes of the glomerular capillary connective tissue. 
These primary and secondary glomerular changes are so pleomorphic 
that an orderly consideration of their genesis is considered necessary. 


MATERIALS AND METHODS 


A series of 23 cases of malignant hypertension, 5 cases of diabetic 
glomerulosclerosis, and many cases of benign nephrosclerosis with or 
without diabetes were studied. Disease processes were interpreted in 
relation to the structure of a glomerulus as described by Zimmer- 
mann,* Jones,* Oberling, Gautier, and Bernhard,® and MacCallum.’ 
This concept of the normal glomerular structure presupposes that the 
glomerular capillary loops are composed of endothelium-lined vascular 
channels surrounded in turn by a thin capillary basement membrane, 
a very thin interstitial fluid space, a thick epithelial basement mem- 
brane, and a layer of glomerular epithelium. In the normal glomerulus 
the pericapillary interstitial space is submicroscopic in width and 
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therefore the endothelial and epithelial basement membranes appear 
as one membrane. As the epithelium and epithelial basement mem- 
brane reflect off from one capillary on to the next, they enclose a con- 
nective tissue space. This is analogous to the way the peritoneal 
reflection encloses the mesentery of the small bowel. In this inter- 
capillary connective tissue space or mesangium are fibrillary connec- 
tive tissue fibers, and cells which resemble fibroblasts. 

With inflammation of a glomerulus, inflammatory edema and 
cellular exudate will distend the connective tissue space of the mesan- 
gium and the pericapillary interstitial space. With scarring, the new 
connective tissue substances will be laid down in the mesangium and 
the pericapillary connective tissue space. The phenomena of inflamma- 
tion and repair of the glomerulus, therefore, follow the same basic 
principles as in other organs.*"° The connective tissue of the glomeru- 
lar tuft is continuous with, and analogous to, the subendothelial con- 
nective tissue of both the afferent and efferent arterioles. 

Formalin-fixed tissue generally was used. Sections cut at 2 » were 
used exclusively and were stained with the periodic acid-Gomori’s 
silver methenamine stain with either a hematoxylin and eosin or a 
Masson’s trichrome counterstain. Phosphotungstic acid-hematoxylin 
also was used. 

In studying the implications of arteriosclerotic disease of the kidney 
one must remember that the glomerulus is a vascular structure inter- 
posed between two arterioles, and that the basement membrane of the 
glomerular capillaries and the glomerular connective tissue fibrils are 
entirely comparable to and continuous with the subendothelial con- 
nective tissue of the arterioles. It is not surprising that the arterio- 
sclerotic process may directly involve the glomerular connective tissue 
when this feature is considered. The basic arteriolar sclerotic process 
is that of intimal connective tissue proliferation, hyalinization, and 
fatty degeneration.* We may expect to see these same changes in the 
glomeruli when the arterioles are the site of marked arteriosclerosis. 
Inasmuch as there are marked differences in benign and malignant 
nephrosclerotic changes in arterioles, we may expect to see comparable 
differences in the glomeruli also. The arteriosclerotic process is asso- 
ciated with two additional features which may affect the glomeruli: 
decreased blood flow from narrowed or closed arterial lumina, and 
arterial hypertension. The glomerular changes due to these two fea- 
tures may be termed secondary changes, while those arising from 
glomerular arteriosclerosis may be called primary changes. 
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BENIGN NEPHROSCLEROSIS 
Primary Changes 


The striking change in the arterioles of slowly progressive benign 
nephrosclerosis is intimal fibrosis and fatty hyalinization. This process 
often extends from the afferent arteriole into the root of the glomeru- 
lus and produces the ring of hyalin so frequently seen in benign nephro- 
sclerosis (Fig. 1). With severe arteriosclerotic involvement, this 
process extends into the lobules of the glomerular tuft, with a mild 
deposition of fibrillary connective tissue and some hyalinization in the 
glomerular stalk or mesangium. The connective tissue cells of the 
mesangium multiply somewhat coincidently with the increase in con- 
nective tissue substance. This corresponds to the intimal connective 
tissue proliferation of arteriolar sclerosis. Goormaghtigh® stressed the 
increase of mesangial cells in nephrosclerosis but called them afibril- 
lar muscle cells, analogous to the cells of the juxtaglomerular appara- 
tus. He believed that they may be instrumental in releasing the pressor 
substances which maintain hypertension. The present and previous 
studies** indicate clearly the relationship of these cells to the deposi- 
tion of connective tissue in the tuft while their endocrine function is 
uncertain. For this reason it is believed that they should be consid- 
ered interstitial connective tissue cells. Inflammatory, thrombotic, or 
necrotic changes in the glomeruli of uncomplicated benign nephro- 
sclerosis are rarely seen. 

In the absence of either diabetes or glomerulonephritis large amounts 
of connective tissue substance seldom accumulate in the glomerular 
lobules. In diabetes mellitus the arterioles and the glomeruli are often 
markedly involved with a fatty, hyaline arteriosclerosis so that many 
of the glomeruli show a deposition of a hyaline connective tissue sub- 
stance in the mesangium of the glomeruli. This tends to be focal and 
consists of a deposition of fibrillary connective tissue and hyalin. Super- 
ficially this change may suggest early secondary amyloidosis. Occa- 
sionally the pericapillary interstitial space may be filled with hyalin 
and may simulate to a minor degree the “wire loop” of disseminated 
lupus erythematosus. In classical diabetic glomerulosclerosis the hya- 
line connective tissue in the glomerular stalk or mesangium accumu- 
lates in an occasional lobule to such a degree that a ball of hyalin is 
formed.’® As the hyalin is deposited in a ball-like form, it pushes the 
capillaries peripherally so that it is surrounded by a rim of capillaries. 
With a periodic acid-silver methenamine stain the hyaline ball is seen 
to be composed of a black, fibrillary and granular material inter- 
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mingled with silver-negative or weakly silver-positive hyaline con- 
nective tissue substance (Fig. 2). 

‘By means of phase microscopy, Churg and Grishman™ noted a lack 
of homogeneity of the glomerular hyalin in diabetic glomerulosclerosis. 
They found this hyalin to be spongy, or finely vacuolated. In the 
hyaline nodules of the characteristic Kimmelstiel-Wilson lesions*® a 
definite laminated structure often is seen.’* It is believed that the 
onionskin appearance is produced by the alternation of bands of silver- 
positive fibrillary, and silver-negative hyaline materials. This structure 
is analogous to the arteriolar lesions of arteriosclerosis in which con- 
centric bands of silver-negative hyalin and silver-positive connective 
tissue fibrils often are seen. In consideration of the whole process of 
arteriosclerosis it is believed that diabetic intercapillary glomerulo- 
sclerosis represents the logical conclusion or end stage of slowly pro- 
gressive, primary, glomerular arteriosclerosis. 


Secondary Changes 


Occasional glomeruli in a benign nephrosclerotic kidney are much 
larger than the usual glomerulus. These large glomeruli show little 
change other than their large size and therefore appear to be due to a 
type of compensatory hypertrophy. It is possible that arterial hyper- 
tension may induce elongation and increased tortuosity of the glomeru- 
lar capillaries so that glomeruli of this type may form (Fig. 3). The 
most prominent glomerular change numerically is the ischemic col- 
lapsed glomerular tuft (the hypertensive glomeruli of McGregor**) 
(Fig. 4). Here one sees wrinkled and thickened epithelial and capil- 
lary basement membranes, plus narrowed and relatively bloodless 
capillary lumina. Shrinkage and retraction of the basement membrane 
does not entirely account for the thickness of these membranes so that 
one must postulate some reactive deposition of connective tissue sub- 
stance. All stages of this glomerular collapse may be seen, from a 
slightly wrinkled glomerulus to the end result which is a compact mass 
of wrinkled basement membrane only a small fraction of the size of 
the original glomerulus. Accompanying this tuft change, there is a 
progressive deposition of hyaline and fibrillary connective tissue in- 
ternal to the thickened basement membrane of Bowman’s capsule 
which is frequently reduplicated. This material eventually obliterates 
Bowman’s space. McManus” has aptly termed these obsolescent glo- 
meruli. He has found that these glomeruli in the later stages of obso- 
lescence show fibers staining like elastic tissue in the area of the 
parietal layer of Bowman’s capsule. In addition, he has found 
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5-nucleotidase activity de novo in the scar tissue of these glomeruli.’ 
The lumina of the afferent arterioles of these glomeruli are markedly 
narrowed or completely occluded so it is apparent that this lesion is 
due primarily to a simple loss of blood flow. 


MALIGNANT NEPHROSCLEROSIS 


The arteriolar lesions of malignant nephrosclerosis are focal but are 
widespread and often confluent. Extensive intimal fibrosis and focal 
fibrinoid necrosis are characteristic. Necrobiotic changes occur in the 
arteriolar walls undergoing fibrinoid change, and extravasation of red 
blood cells into the arteriolar wall and surrounding tissue often is 
seen.’ Thrombosis of the lumen may occur. A few inflammatory cells 
may be seen in areas of necrosis but exudative arteritis is rare. 

The primary arteriosclerotic changes in the glomeruli in malignant 
nephrosclerosis are entirely analogous to the arteriolar changes. The 
glomerulus differs from the arteriole only in that exudative changes 
occur commonly. The primary changes may be grouped into inflam- 
matory and reparative. 


Inflammatory Changes 


As a result of the unknown injurious mechanisms of malignant 
nephrosclerosis the glomeruli are injured. One of the characteristic 
features of this injury is the resulting fibrinoid necrosis. This lesion 
was present in 19 of 23 cases studied. In most instances this fibrinoid 
change in the glomerulus results from the extension of the necrotizing 
process of the afferent arteriole into the glomerulus, but this is not 
always true (Fig. 5). The favorite site of involvement is the glomeru- 
lar root where there is frequently an aneurysmal dilatation of the 
necrotic wall (Fig. 6). The fibrinoid change may extend into the 
lobules of the glomerulus where it may nearly duplicate the “wire 
loop” appearance of acute disseminated lupus erythematosus. With 
the periodic acid-silver stains frayed fibrillary connective tissue fibrils 
may be seen in the fibrinoid material, both in the arterioles and the 
glomerulus. 

Thrombosis. In addition to fibrinoid change the causal factor often 
produces endothelial injury or destruction with the result that fibrinous 
thrombi form in the lumina at the area of alteration. This occurred in 
9 of the 23 cases studied. With the fibrinoid material and fibrin in 
juxtaposition it is difficult to determine, even with all available special 
stains, where one stops and the other begins. Thrombi frequently 
occur in the capillaries of the tuft without accompanying fibrinoid 


624 JONES 


change as a result of endothelial injury. Inasmuch as glomerular 
thrombosis is of frequent occurrence with marked circulatory disturb- 
ances, its occurrence here is not surprising.*® 

Hemorrhage. As a result of the injury, extravasation of red blood 
cells occurs not only in arteriolar walls and interstitial tissue but also 
in the glomerulus. The involved glomeruli characteristically are tre- 
mendously congested and on examination of thin sections it can be 
seen that these erythrocytes have broken into the connective tissue 
space of the mesangium, i.e., the capillary walls and their basement 
membranes have ruptured while the epithelial basement membrane is 
intact, resulting in extravasation of red cells into the connective tissue 
spaces of the glomerulus (Fig. 7). This lesion occurred in 5 of the 23 
cases studied. One sees the mesangial connective tissue frayed apart, 
with erythrocytes filling every nook and cranny. Extravasation of 
erythrocytes into Bowman’s space and down the tubules also occurs. 
These extravasated red blood cells in various sites are the cause of the 
grossly recognizable petechial hemorrhages of malignant nephrosclero- 
sis. Small fibrinous capillary thrombi often are seen in these hemor- 
rhagic glomeruli which others have termed “infarcted glomeruli.” The 
absence of necrobiosis in the glomerulus makes this term undesirable. 

Fibrinoid necrosis, thrombosis, and hemorrhage represent only part 
of the response to acute injury. In some glomeruli various exudative 
changes are seen, as one might expect. Focal edema of occasional 
lobules of glomeruli is common. This edema results in the ballooning 
of the interstitial connective tissue space of the involved lobule just as 
the entire glomerulus is involved in acute glomerulonephritis. Focal 
edema of this type, without inflammatory cells, is quite characteristic 
of malignant nephrosclerosis (Fig. 8). 

In an occasional glomerulus and rarely in many glomeruli one may 
see a prominent exudate of inflammatory cells. This occurred in 6 of 
23 cases studied. The capillary lumina and interstitial spaces may con- 
tain many polymorphonuclear neutrophils (Fig. 9). Although an in- 
dividual glomerulus may simulate perfectly acute exudative or 
proliferative glomerulonephritis, generally there is a suggestion of a 
more focal nature to the process, that is, one lobule is more severely 
involved than others. 


Reparative Changes 


Capsular Proliferation. The glomerular epithelium rather commonly 
responds to the malignant nephrosclerotic injury by proliferation. A 
picture resembling subacute capsular glomerulonephritis may be pro- 
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duced in occasional glomeruli (Fig. 10). This occurred in 6 of 23 
cases studied. The capsular epithelium may commonly respond to the 
disease by the accumulation of hyaline droplets in the cytoplasm. 

Glomerular Scarring. The glomerular scarring in malignant nephro- 
sclerosis is a mixture of the secondary changes identical with those 
seen in benign nephrosclerosis and the scars resulting from the healing 
of the earlier inflammatory changes mentioned previously. Although 
there is a considerable resemblance to scarred glomeruli of chronic 
glomerulonephritis, the relatively focal nature of the scarring is usually 
apparent (Fig. 11). The scarring results from deposition of connective 
tissue in the same manner as in glomerulonephritis, i.e., interstitial 
proliferation of connective tissue cells with subsequent deposition of 
fibrillary connective tissue. In malignant nephrosclerosis connective 
tissue cell proliferation is usually less striking than in glomerulone- 
phritis. 

In occasional cases a rare glomerulus will show an apparent tre- 
mendous hyperplasia of the cells of the juxtaglomerular apparatus. 
This collection of cells may produce a nodule reminiscent of a sarcoid 
tubercle (Fig. 12). Diffuse hyperplasia of the juxtaglomerular appara- 
tus did not seem to be a prominent feature. 


Secondary Changes 


The hypertrophic glomeruli and the ischemic, collapsed, wrinkled 
glomeruli of benign nephrosclerosis are characteristically found in 
malignant nephrosclerosis and may be practically the only glomerular 
lesions seen in some cases. Collections of lipophages may occur in the 
glomerulus in occasional cases. These lie in the mesangium of the 
glomerulus and are analogous to the lipophages of arteriosclerosis. 


SUMMARY 


The glomerular lesions of the arteriosclerotic kidney are a composite 
of the primary arteriosclerotic changes in the glomerulus and the sec- 
ondary changes due to hypertension and diminished blood supply to 
the glomerulus. 

Intercapillary glomerulosclerosis is the logical end stage of primary, 
slowly progressive arteriosclerosis of glomeruli. 

Malignant hypertensive glomeruli show the glomerular lesions of 
benign nephrosclerosis to a marked degree, and, in addition, show the 
primary inflammatory changes of fibrinoid necrosis, edema, hemor- 
rhage, and exudation plus the focal scars resulting from the healing of 
these inflammatory lesions. 
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LEGENDS FOR FIGURES 


1. Hyalinization of the glomerular root in an elderly non-diabetic female. Peri- 
odic acid-silver methenamine-hematoxylin and eosin stain. X 480. 


2. Diabetic glomerulosclerosis. The reticular structure of the hyaline balls may 
be seen. Periodic acid-silver methenamine-hematoxylin and eosin stain. X 480. 


3. A hypertrophic glomerulus. The large size and perhaps slightly increased 
cellularity distinguish this lesion. Periodic acid-silver methenamine-hematoxylin 
and eosin stain. X 285. 


4. Accollapsed glomerulus. This glomerulus is less than half the size of the one 
in Figure 3. The wrinkled, thickened basement membranes may be seen. Peri- 
odic acid-silver methenamine-hematoxylin and eosin stain. X 640. 
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5. Fibrinoid necrosis extending from the afferent arteriole into lobules of the 
glomerulus. Of note is the focal nature of the involvement. Periodic acid-silver 
methenamine-hematoxylin-Masson’s trichrome stain. X 350. 


6. Aneurysmal dilatation of the necrotic arteriole at the glomerular root. Two 
adhesions to Bowman’s capsule indicate previous focal healed involvement of 
the glomerular tuft. Periodic acid-silver methenamine-hematoxylin-Masson’s 
trichrome stain. X 305. 


.7. Hemorrhagic glomerulus. Erythrocytes cram all available space within the 


connective tissue spaces and capillary lumina of the tuft. Periodic acid-silver 
methenamine-hematoxylin-Masson’s trichrome stain. X 635. 


.8. Focal glomerular edema. Discrete capillaries containing numerous erythro- 
cytes are present. The edematous connective tissue of the mesangium may be 
seen between the capillaries. Periodic acid-silver methenamine-hematoxylin- 
Masson’s trichrome stain. X 635. 
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Fic. 9. Acute glomerular exudation. This glomerulus is indistinguishable from those 
seen in diffuse exudative glomerulonephritis. Periodic acid-Schiff’s-hematoxylin 
stain. X 305. 


.1o. Capsular proliferation. The crescent of capsular epithelium is prominent. 
Focal fibrinoid necrosis, edema, and fibrinous thrombosis of one capillary may be 
noted in the glomerular tuft. Periodic acid-silver methenamine-hematoxylin- 
Masson’s trichrome stain. XX 450. 


.11. Focal glomerular scarring. The focal nature of the scarring is well shown. 
Epithelial swelling and proliferation can be seen in the region of the scars. Peri- 
odic acid-silver methenamine-hematoxylin and eosin stain. *X 280. 


>. 12. Apparent hyperplasia of the juxtaglomerular apparatus. This is associated 
with an obsolescent glomerulus. Periodic acid-silver methenamine-hematoxylin- 
Masson’s trichrome stain. X 340. 
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SUDDEN APPARENTLY UNEXPLAINED DEATH DURING INFANCY 
I. PatHotocic FINDINGS IN INFANTS FouNp DEap * 


Jacos WerNE, M.D., and IRENE Garrow, M.D. 


(From the Office of the Chief Medical Examiner of the City of New York and the Depart- 
ments of Pathology of St. John’s Long Island City and Flushing Hospitals, New York, N.Y.) 


The purpose of this paper is to describe the morphologic findings 
in infants found dead while in apparent good health, in whom the 
gross necropsy findings were insufficient to explain death. 

This report will be illustrated largely by our observations on 31 
unselected consecutive cases studied during 1950 (Table I), occurring 
in the Borough of Queens, New York City (population 1,500,000). 
The material to be described is part of a series of 299 cases of infants 
less than 1 year of age, found dead while in apparent good health, 
investigated by us during the past 20 years (1931-1951). The 299 
cases may be grouped into two categories: a smaller series, comprising 
16.8 per cent of the total, with lesions that are conventionally regarded 
as establishing a cause of death, such as congenital heart disease, men- 
ingitis, (grossly) purulent laryngotracheobronchitis, and pneumonia; 
and a larger group, representing 83.2 per cent of the total, consisting 
of infants whose deaths remained unexplained at the conclusion of the 
necropsy. 

This larger group constitutes an important medicolegal as well as 
pediatric problem. These cases are often certified as dying of accidental 
mechanical suffocation, aspiration of vomitus, and status thymico- 
lymphaticus, when microscopic studies have not been made or have 
been erroneously interpreted. The unsatisfactory nature of the diag- 
nosis of status thymicolymphaticus has long been established.’ Aspi- 
ration of vomitus is not an uncommon finding in subjects dying of 
other causes.” It should, therefore, be regarded as an agonal phenome- 
non, with rare exceptions. We and others*® have shown that the alle- 
gation of accidental mechanical suffocation by posture or ordinary 
bedclothes is unsupported by any real evidence. Critical examination 
of the circumstances surrounding the discovery of the death shows 
that in only a small proportion of the cases (20 per cent) was the in- 
fant allegedly found in the face-down position; or covered by bed- 


* The second and third papers of the series entitled “Pathologic Findings in Infants 
Observed to Die Suddenly” and “Pathologic Findings in Infants Dying Immediately after 
Violence, Contrasted with Those in Sudden Apparently Unexplained Death,” respectively, 
are to appear in the succeeding issue of this Journal. 

Supported by a grant from the United States Public Health Service of the Federal 
Security Agency. 
Received for publication, December 10, 1952. 
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Tas_e I 


Summary of Findings in 31 Consecutive Infants Found Dead While in Apparent 


Exposure to 
Age and Position respiratory 
Case sex when found jisease Prior history Gross findings 
No. 1 6 wks. | On abdomen, Positive Stuffy nose for Purulent exudate in left mastoid; 
50-A-6 Male face down in several days lungs: 105 gm., congestion and 
crib edema; bronchi congested, con- 
tained mucoid material; phar- 
ynx, epiglottis, and larynx 
fiery red 
No. 2 3 mos. | On abdomen, Positive “Sniffling” 1 week, | Mucoid exudate in mastoids; 
50-A-51 Male face to side, more marked the lungs: 140 gm., congestion and 
in crib night before edema; bronchi congested, con- 
death tained mucoid material 
No. 3 6 wks. | On abdomen, Positive; “Cold” for 2 weeks | Purulent exudate in mastoids; 
50-A-54 Male face down in also had lungs: 100 gm., congestion and 
crib exposure edema; bronchi congested 
to measles 
No. 4 7 wks. | On abdomen, Positive Had a running Serous exudate in mastoid; 

ME 50-11 Female face to side, nose lungs: 120 gm., congestion and 
in carriage; edema; bronchi congested 
blood on sheet 

No. 5 3 wks. | Noinformation | Positive “Cold” 1 day Normal mastoid; lungs: con- 
ME 50-14 | Female gestion and edema; bronchi 
contained mucoid material, 
mucosa congested 
No. 6 9 mos. | At foot of car- Positive “Cold” for several | Mucoid exudate in mastoids; 
ME 50-28 Male riage, blanket days; breathed lungs: 170 gm., congestion and 
over head heavily the night} edema 
before 
No. 7 2 mos. | In mother’s bed,| None “Light head cold” | Mucoid exudate in mastoids; 
ME 50-30 Male face to side for 4 days lungs: 110 gm., congestion and 
edema; bronchi contained mu- 
coid material, congested 
No. 8 3 wks. | In parent’s bed, | (Sibling de- | “Mild” cold a few | Normal mastoid; lungs: 85 gm., 
ME 50-47 Female tween them, veloped a days before congestion and edema 
on back cold the 
day after 
death) 
No. 9 6 wks. | In crib, on ab- “Boarder” | None™ Normal mastoid; lungs: 100 gm., 

ME 50-67 Male domen, face in hospital congestion and edema; trachea 
to side and bronchi congested 

No. 10 12 mos. | In crib, on back | No infor- “Cold” for 2 days; | Purulent exudate in mastoids; 
ME 50-71 Female mation extensive eczema lungs: 175 gm., congestion and 
edema; bronchi congested and 
| contained mucoid material; ec- 
zematoid dermatitis. (Boric 
acid, 0.15 mg. in 12 gm. forma- 

| lin-fixed liver) 

No. 11 6 wks. | In crib, on back, | Positive; Stuffy nose the Mucoid exudate in right mastoid; 

ME 50-74 | Male head turned to chicken evening before lungs: 100 gm., congestion and 

| one side pox con- edema 
| tact; twin 
developed 
| a running 
| 


nose 
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Good Health and in Whom Death Remained Unexplained at Necropsy 
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Microscopic findings 
Upper respiratory tract Lung Other significant findings findings 
Suppurative mastoiditis; | Congestion, edema, hemor- | Thrombosis in meningeal | Mastoid, larynx and tra- 
non-suppurative rhage and collapse; vessel; focal adrenal chea: hemolytic 
laryngotracheitis bronchitis hemorrhages; focal Staphylococcus aureus; 
glomerulitis; edema and lung and spleen, sterile 
cellular infiltration of 
the testis 
Suppurative mastoiditis; | Congestion, edema, hemor- | Thrombosis in cerebral Lung and spleen, sterile 
otracheitis with rhage and collapse; vessels 
early suppuration bronchitis 
Suppurative mastoiditis | Edema, congestion, collapse | Thrombosis in pharynx Mastoids, bronchi and 
and tonsillitis; non- and hemorrhage; early and pituitary body liver: hemolytic Staph. 
suppurative tracheitis bronchitis aureus; lung and spleen, 
and laryngitis with sterile : 
early necrosis 
Suppurative laryngitis Hemorrhage, edema, con- Thrombosis in tonsil; No pathogens; lung and 
and tonsillitis with gestion and collapse; early focal adrenal spleen, s' 
abscess bronchitis; single minute hemorrhage 


focus of bronchopneumonia} 


Suppurative mastoiditis | Focal bronchopneumonia; Thrombosis in brain, phar-| Mastoid and trachea; 
and laryngitis hemorrhage, collapse, con- ynx, larynx, heart, Streptococcus 
gestion and edema; bron- thymus, lung; focal ad- haemolyticus 
chitis with early renal hemorrhage; 
suppuration mononuclear infiltra- 
tion of parotid gland 
Suppurative mastoiditis, | Focal bronchopneumonia; Thrombi in mesentery; 
laryngitis, and tonsillitis}) | congestion,edema, collapse} glomerulonephritis, 
with abscess and hemorrhage; marked; focal adrenal 
bronchitis hemorrhage 
Suppurative inflammation! Focal bronchopneumonia; Thrombosis in deep laryn- | Bronchus: hemolytic 
of mastoids;suppurative| congestion, edema, collapse} geal vessel; prominent Staph. aureus 
tracheitis, tonsillitis, and hemorrhage; bron- periportal lymphocytic 
laryngitis with necrosis chitis with early infiltration in liver; fo- 
suppuration cal adrenal hemorrhage 
Non-suppurative inflam- | Hemorrhage, congestion, Thrombosis in larynx and | No pathogens; 
mation of mastoids, edema and collapse; lung; focal adrenal lung, sterile 
larynx, and trachea moderate number of intra-|_ hemorrhage 
alveolar squames (vernix) 
Non-suppurative mastoid-| Congestion, edema, hemor- | Focal adrenal hemorrhage | Lung: hemolytic 
itis and laryngitis; rhage and collapse; bron- Staph. aureus 


suppurative tonsillitis 
with necrosis 


chitis with early suppura- 
tion; focal broncho- 
pneumonia 


Suppurative mastoiditis, 
laryngitis, tracheitis, 
and tonsillitis 


Congestion, edema, collapse 
and hemorrhage; bron- 
chitis with early suppura- 
tion; focal interstitial 
pneumonitis 


Thrombosis in brain and 
lung 


Numerous bacteria in sec- 
tion of lung but no 
pathogens on culture 


Pharyngitis with early 
suppuration 


Hemorrhage, congestion, 
edema and collapse; 
bronchitis; minute focal 
bronchopneumonia 


Thrombosis in brain, phar- 
ynx, and lung; focal 
glomerulitis; focal 
adrenal hemorrhage; 
infiltration of sub- 
maxillary and testis 


Bronchus: hemolytic 
Staph. aureus 
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Taste I (Continued) 


Exposure to 
Age and Position respiratory : 
Case sex when found disease Prior history Gross findings 
No. 12 1o days | In crib, on ab- None None Normal mastoid; lungs: 75 gm., 
ME 50-77 Male domen, head congestion and edema 
not covered 
No. 13 1 mo. | Incrib, on back, | A sibling de-} None Normal mastoid; lungs: 105 gm., 
ME 50-909 | Female bloody fluid veloped a congestion and edema 
oozing from cold after 
nose the death 
No. 14 2mos. | On abdomen, in | Negative None Normal mastoid; lungs: conges- 
ME 50-120 | Female carriage, small tion and edema; bronchi con- 
“blood”’ stain gested; minimal aspiration of 
on sheet stomach contents 
No. 15 5 days | Face down, Positive None Normal mastoid; lungs: conges- 
ME 50-133 Male in crib tion and edema 
No. 16 3 mos. | Face down, Negative Occasional Purulent exudate in mastoids; 
ME 50-135 Male in crib twitching for lungs: congestion and edema; 
2 days minimal aspiration of stomach 
contents 
No. 17 5 mos. | Incarriage,on | Positive Restless and had a | Mucoid exudate in mastoids; 
ME 50-141 Male abdomen, face stuffy nose the lungs: congestion and edema 
to side night before 
No. 18 I mo. In crib, face Positive Loose stool the Serous exudate in right mastoid; 
ME 50-143 Male down; spot of night before lungs: congestion 
blood on 
mattress 
No. 19 3 mos. | On abdomen, Positive None Normal mastoid; lungs: 90 gm., 
ME 50-159 | Female face to side, emphysema; minimal aspira- 
in crib tion of stomach contents 
No. 20 2mos. | Face down, Positive Nose “‘stuffed up” | Purulent exudate in mastoids; 
ME 50-168 Male in crib the night before lungs: congestion and edema 
No. 21 4% mos. | Face down, Negative None Normal mastoid; lungs: 130 gm., 
ME 50-176 | Female on abdomen, emphysema; bronchi contained 
in carriage mucoid material; minimal as- 
piration of stomach contents 
No. 22 3 mos. | Face down, Positive Mild cold Normal mastoid; lungs: 125 gm., 
ME 50-192 Male in crib 3 weeks before congestion and edema; smaller 
bronchi contained thick gray 
mucoid material 
No. 23 2 mos. | On abdomen, Negative Running nose for | Mucoid exudate in mastoids; 
ME 50-1094 Male in carriage, 1 day, 2 weeks lungs: 160 gm., congestion and 
face to side before edema; bronchi congested and 
contained mucoid material 
No. 24 I mo. On abdomen, Positive Running nose for | Normal mastoids; lungs: 90 gm., 
ME 50-212 Male in crib, 1 day, 2 weeks congestion; smaller bronchi 


face to side 


before 


contain tenacious mucus 
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Microscopic findings 
Bacteriologic 
Upper respiratory tract Lung Other significant findings findings 
Normal mastoids; sup- Focal bronchopneumonia; Focal adrenal thrombosis | Spleen: Staph. aureus; 
purative laryngitis, hemorrhage, congestion, and hemorrhage; focal meninges: Sirep. haemo- 
with necrosis edema and collapse; few epicardial infiltration lyticus; umbilicus: bacil- 


squames 


lus Friedlander, type"A 


Purulent mastoiditis; 
non-suppurative 
tracheitis 


Hemorrhage, congestion, 
edema and collapse; 
bronchitis 


Glomerulitis; focal adrenal 
hemorrhage 


Lung and’spleen, sterile 


Non-suppurative mastoid- 
itis; laryngitis and 
tracheitis, with necrosis 


Congestion, hemorrhage, 
edema and collapse; 
bronchitis 


Thrombosis in brain and 

nx; adrenal 
hemorrhage; perineural 
lymphocytic infiltration 
in hilar region of lung 


Lung and spleen, sterile 


Normal mastoids; 
laryngitis with necrosis; 
non-suppurative 
tracheitis 


Focal bronchopneumonia; 
congestion, edema, hemor- 
rhage and collapse; 
bronchitis; moderate num- 
ber of squames (vernix) 


Thrombosis in brain, thy- 
mus and lung; adrenal 
hemorrhage; submaxil- 
lary and testicular infil- 
tration; focal myocardial 
infiltration; interstitial 
edema in pancreas 


No pathogens 


Laryngitis with necrosis; 


Edema, hemorrhage, conges- 


Thrombosis in lungs; focal 


Mastoids: 


non-suppurative tion and collapse; adrenal hemorrhage; Strep. haemolyticus 
tracheitis bronchitis coronary sclerosis; 
focal epicardial 
infiltration 
Suppurative laryngitis Edema, hemorrhage, conges- | Lymphocytic infiltration 
tion and collapse; early of testis 
suppurative bronchitis 
Non-suppurative inflam- | Edema, congestion, hemor- | Focal glomerulitis 


mation of mastoids; 
laryngitis with necrosis 


rhage and collapse; early 
suppurative bronchitis 


Non-suppurative mastoid- 
itis and laryngitis 


Early mural bronchitis and 
mucous hypersecretion; 
emphysema 


Thrombi in brain, thymus, 
, and lung; focal 
adrenal hemorrhage; 
fatty degeneration of 
the liver 


Suppurative mastoiditis; 
tonsillitis with abscess; 
early suppurative laryn- 


Congestion, hemorrhage, 
edema and collapse 


Thrombosis in brain and 
larynx; focal adrenal 
hemorrhage; testicular 


Mastoid,' trachea and 
lung: hemolytic 
Staph. aureus 


gitis; non-suppurative lymphocytic infiltration 
tracheitis 

Tonsillitis; non-suppura- | Focal interstitial pneumonia;| Cardiac mural thrombi; 
tive inflammation of emphysema submaxillary lympho- 
mastoids, larynx and cytic infiltration 


trachea 


Suppurative mastoiditis; 
tonsillitis, early sup- 
purative laryngitis, non- 
suppurative tracheitis 


Focal interstitial pneumonia; 
edema, collapse, conges- 
tion and hemorrhage; 
bronchitis 


Thrombosis in lung; ad- 
vanced glomerulitis; 
adrenal hemorrhage; 
lymphocytic infiltration 
of testis 


Heart’s blood, mastoid, 
tonsil, and trachea: 
hemolyticiStaph. aureus 


Non-suppurative mastoid- 
itis, laryngitis and 
tracheitis; 
tonsillitis 


Edema, collapse, congestion, 
hemorrhage; bronchitis 
with early suppuration 


Thrombosis in choroid 
plexus 


Heart’s blood, pericardial 
fluid, and mastoid: 
hemolytic Staph. aureus 


Tonsillitis, laryngitis 
with early necrosis 


Focal interstitial pneumonia; 
congestion, edema, hemor- 
rhage and collapse; 
mural bronchitis 


Glomerulitis; focal adrenal 
hemorrhage; lymphocy- 
tic infiltration of sub- 


gland 


Heart’s blood, sterile 
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Taste I (Continued) 


Exposure to 
Age and Position réspiratory 
Case sex when found disease Prior history Gross findings 
No. 25 5 mos. | On abdomen, Negative Cough for 2 weeks; | Normal mastoids; 
A 42 50 Male in crib, had multiple lungs: congestion and edema 
face to side transfusions for 
erythroblastosis 
No. 26 4 mos. | On abdomen, Negative None Normal mastoid; lungs: 150 gm., 
A 42 58 Male face down, edema and congestion 
in crib 
No. 27 1 mo. | Onabdomen, face} Positive Was “getting” a | Normal mastoid; lungs: conges- 
A 42 80 Male to side, in crib, cold tion and edema; uvula: 
bloody fluid granular 
on face 
No. 28 3 mos. | Head against Negative History of Mastoids: ‘“‘moist’”’; lungs: 100 
A 42 90 Male crib bumper; allergy gm., congestion and edema; 
vomitus on bronchi contained blood- 
sheet tinged mucoid material 
No. 29 imo. | On back, Negative Mother thought Mucoid exudate in mastoids; 
A 43 08 Male in crib he had a cold lungs: congestion and edema; 
diaper dermatitis. (Boric acid 
0.4 mg. in 15.0 gm. of formalin- 
fixed liver and kidney) 
No. 30 0% mos. | On abdomen, Negative “Indigestion” the | Normal mastoid; lungs: 150 gm., 
A 43 16 Male in carriage day before; vac- emphysema, congestion and 
cinated 3 days edema 
previously 
No. 31 24% mos. | In carriage, head | Mumps and| None Serous exudate in mastoids; 
A. 43 35 Male under covers, chicken lungs: 150 gm., congestion and 
on back pox con- edema; bronchi contained 
tact bloody material 


clothes, and then only loosely. In the great majority of instances the 
face was turned to one side, permitting free access of air; a smaller 
group was comprised of those found lying on the back. Regardless of 
the position in which the infant was found, the pathologic findings 
were similar. 

Routine microscopic studies have disclosed lesions that we believe 
provide an explanation for the sudden death. The significance of these 
lesions was appreciated only after the accumulation of much experi- 
ence in the study of cases of this type along with that of control mate- 
rial. Our control material is of two kinds. We have made parallel 
histologic studies on infants dying after known violence,” as well as 
on infants observed to die® suddenly while in apparent health, or dying 
after a fulminating illness.’ The two groups of cases we regard as 
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Microscopic findings 
Bacteriologic 
Upper respiratory tract Lung Other significant findings findings 
Non-suppurative Hemorrhage, collapse, edema} Lymphocytic infiltration 
itis and congestion; mural of testis; focal adrenal 
bronchitis hemorrhage 


Normal mastoid; non- 
suppurative laryngitis 
and tracheitis 


Focal interstitial pneumonia; 


congestion, edema, hemor- 
rhage and collapse 


Glomerulitis; focal adrenal 
hemorrhage; thrombosis 
in cervical cord and lung; 
focal lymphocytic infil- 
tration of testis and 
epicardium; fibrinoid 
necrosis in heart valve 


Suppurative mastoiditis; 
non-suppurative laryn- 
gitis and tracheitis 


Congestion, hemorrhage, 
collapse and edema 


Thrombosis in larynx and 
testis; focal adrenal 
hemorrhage; epicardial 


Spleen and lung, sterile 


cellular infiltration 
Non-suppurative laryn- Hemorrhage, congestion, Thrombosis in choroid, No pathogens 
gitis and tracheitis collapse and edema thymus, larynx, lung and 
heart; glomerulitis; 
focal adrenal hemor- 
rhage; focal epicardial 
infiltration 
Non-suppurative inflam- | Congestion, collapse, Thrombosis in lung; 
mation of mastoids edema and hemorrhage glomerulitis; pancreatic 
degeneration 
Normal mastoids; non- Emphysema; mural bron- Thrombosis in lung and | No pathogens 
suppurative laryngitis chitis with mucous hyper- brain; focal adrenal 
secretion hemorrhage; 
glomerulitis 
Tracheitis; early sup- Focal lung abscess; Thrombosis in lungs and | Larynx, trachea, bronchus 
purative laryngitis collapse, congestion, larynx and liver: hemolytic 


with necrosis 


edema; mural bronchitis 


Staph. aureus (Staph. 
aureus and Strep. 
haemolyticus in throat 
cultures of siblings) 


“negative” and “positive” controls, respectively, for the microscopic 
changes which are reported in this paper. 


. Gross OBSERVATIONS AT NECROPSY 


The 31 infants under discussion were well developed and well nour- 


ished. Hypostatic discoloration indicated the portion of the body that 
had been most dependent. This discoloration had usually shifted by 
change in position between the time of discovery of the body and the 
performance of the necropsy. 

On opening the body cavities excess fluid was frequently seen in 
the pericardial sac and rarely in the pleural cavity. The heart’s blood 
was usually completely or largely fluid and the right heart was more 
distended than the left. The thymus was of normal size for subjects of 
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this age. Petechiae were conspicuous in the thymus in 25 cases. They 
were often present in the pleura and pericardium. 

Pulmonary congestion and edema were the most conspicuous gross 
changes (Fig. 1) and were present in all cases except 3; these showed 
emphysema. The pleural and cut surfaces were usually dark red to 
purple. The lung parenchyma was firm and rubbery, in contrast to the 
crepitant sensation imparted by the normal infant lung, which is pale 
pink-tan and soft (Fig. 2). A considerable amount of frothy fluid, 
often bloody, oozed from the cut surface of the lungs (Fig. 25). 

The mucosa of the larynx, trachea, and bronchi was congested in 
one half of the cases. In about one third of the cases gray mucoid 
exudate was found in the lumina of the airway. The tracheobronchial 
and cervical lymph nodes usually were hyperemic and occasionally 
hemorrhagic. The tonsils seldom showed any gross changes. Mucoid 
material occasionally was seen in the nasopharynx. Non-occlusive 
amounts of regurgitated stomach contents were seen in the nasophar- 
ynx and larynx in 5 cases. Massive aspiration into the tracheobron- 
chial tree occurred in only one case. As previously noted, we regard 
such an occurrence as probably agonal and of very little significance 
as a cause of death. 

The stomach usually contained curdled milk. The lymphoid tissue 
of the bowel was prominent, as were the mesenteric glands. These 
were occasionally hyperemic. The liver and kidneys were frequently 
congested. The spleen was soft; and on section the follicular borders 
were indistinct. Rarely, the adrenal glands showed small gross hemor- 
rhages. 

On cisternal tap the cerebrospinal fluid often was found to be under 
increased pressure, the fluid frequently escaping several inches beyond 
the tip of the needle. The meninges usually were congested; often 
showed excess subarachnoid fluid; occasionally minute focal sub- 
arachnoid hemorrhages were seen. The middle ear and mastoid antra 
contained gross exudate in 17 of the 31 cases. In“® cases this was 
purulent and in 11, either mucoid or serous. 


Microscopic OBSERVATIONS 


The changes found may be divided into two groups: local, involving 
mainly the respiratory tract, and systemic, involving other organs and 


the lymphatic tissues. 
RESPIRATORY TRACT 


Lungs 


In 28 of the 31 cases, diminution in the alveolar air space was the 
most conspicuous change in the lungs. This was the result of pulmo- 
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nary congestion, edema, hemorrhage, collapse, and cellular infiltra- 
tion (Figs. 3, 9, 14, 28, and 32). The extent of each of these changes 
varied considerably. 

Congestion was present in the pulmonary and bronchial blood ves- 
sels and was mainly venous and capillary. The red cells were closely 
packed. Clumps of granular eosinophilic material, usually interpreted 
as representing platelets, were numerous; and in 14 cases actual pul- 
monary thrombi were recognized in routine sections (Figs. 3 and 31); 
these contained fibrin, “platelets,” leukocytes, and erythrocytes in 
varying proportions. In several instances the vessel wall at the site of 
thrombosis was infiltrated by mononuclear cells, among which there 
were large cells with acidophilic cytoplasm. Mural edema was fre- 
quent, and degeneration of the elastic fibers was seen occasionally. 

The alveolar capillaries often were extremely engorged (Figs. 9, 32, 
46, and 48). Interstitial and alveolar hemorrhages occurred in all but 
6 of the 31 cases (Fig. 10). In some instances the interstices were 
transformed into pools of blood, and whole pulmonary lobules ap- 
peared to be infarcted. Vessels were often surrounded by sheaths of 
blood (Fig. 14); and the alveolar capillaries occasionally appeared to 
be disintegrating. 

The pulmonary congestion was usually associated with varying de- 
grees of edema, both interstitial and intra-alveolar. The interlobular 
septa frequently were converted into broad pink bands (Fig. 29). The 
blood vessels and bronchial walls often were thickened by edema and 
distended interstitial lymphatics often contained leukocytes, erythro- 
cytes, and cell débris. Intra-alveolar edema and subpleural edema 
frequently were marked. 

Pulmonary collapse was prominent. In some instances it seemed to 
be the result of occlusion of bronchi and bronchioles by mucoid secre- 
tion and desquamated and degenerated epithelium. In others, the 
collapse was associated only with congestion, edema, and hemorrhage. 
The alveolar air«space often was reduced further by the presence of 
alveolar macrophages (Figs. 46 and 48); in 6 of the 31 cases alveolar 
giant cells were conspicuous. In 7, there was erythrocytophagocytosis 
by alveolar macrophages. 

In 7 cases there were foci of polymorphonuclear leukocytes in the 
alveolar lumina (Figs. 7 and 8) and in 5 others there were foci of 
interstitial and intra-alveolar mononuclear infiltration (Figs. 5 and 6). 
Thus, 12 of the 31 cases showed either focal bronchopneumonia or 
focal interstitial pneumonitis (microscopic) in the sections routinely 
examined. In 11 other cases there was slight lymphocytic infiltration 
confined to some interlobular septa. In one case there was a minute 
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abscess, 3 mm. in diameter, discovered in one of the sections taken for 
microscopic study. 

There was some degree of bronchitis or bronchiolitis in every case 
(Figs. 11, 12, and 13). This was mural in 23 and only catarrhal in 8. 
Epithelial proliferation, degeneration, and desquamation, mural hyper- 
emia, edema, and cellular infiltration were prominent. In the large 
bronchi there often were hypersecretion and degeneration of the mu- 
cous glands. Not all bronchi or bronchioles in each section were 
involved; and in several cases the extent of this change was limited. 
In 15 cases epithelial proliferation, degeneration, and desquamation 
were sufficiently marked to occlude the lumina (Fig. 28). This mate- 
rial constituted the gray mucoid exudate noted grossly. Erythrocytes 
and mononuclear cells usually were admixed with the epithelial 
débris. In ro instances there were also a few polymorphonuclear 
leukocytes within the lumina (Figs. 33 and 34). Denudation of epi- 
thelium often was extensive, with only fragments of the basal layer 
remaining. Occasionally, granular eosinophilic precipitate and leuko- 
cytes were seen between the basement membrane and the desquamating 
and degenerating epithelium. The mural cellular infiltration was main- 
ly lymphocytic; large mononuclear cells with acidophilic cytoplasm 
and plasma cells occasionally were prominent. In 5 instances poly- 
morphonuclear leukocytes were present also within the bronchial wall, 
and, rarely, eosinophilic granulocytes. 

The pleura often showed hyperemia, edema, and focal hemorrhages; 
occasionally focal mononuclear cellular infiltrate was noted. 

The bronchopulmonary lymph nodes showed hyperemia and edema. 
The normal follicular pattern was lost. Diffuse hyperplasia or lym- 
phoid depletion was encountered. Sinus catarrh and erythrophago- 
cytosis were frequent. 

In g cases foci of necrosis were found in the larynx and trachea. In 
2 cases this was deep within the larynx, affecting muscle or mucous 
gland (Fig. 17). In 7 cases it was found in the vocal cord (Figs. 15 and 
16). The earliest lesion seen in the vocal cord consisted of vacuolar de- 
generation of the stratified squamous epithelium and fibrinoid change 
in the connective tissue of the vocal ligament (Fig. 36). In more ad- 
vanced lesions, edema, hyperemia, and cellular infiltration appeared. 
The capillary endothelial lining was swollen. The cellular infiltrate con- 
sisted of mononuclear cells, many of which were pyknotic; polymor- 
phonuclear cells were seen in the areas where necrosis was more marked. 
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In 8 additional cases there was focal or diffuse polymorphonuclear in- 
filtration of larynx or trachea, unassociated with necrosis in the sections 
studied. 

In most cases there was widespread injury of the laryngeal or 
tracheal epithelium, consisting of degeneration with loss of cilia, des- 
quamation, and proliferation. Spaces distended with lymphocytes or 
polymorphonuclear leukocytes frequently were found within the epi- 
thelium. Desquamating epithelium sometimes was separated by 
granular precipitate and leukocytes from the substantia propria. The 
mucous glands often showed striking degeneration of their epithelium 
and distention of the acinar and duct lumina with epithelial débris, 
red blood cells, and leukocytes. The glands were frequently surrounded 
by lymphocytes and plasma cells. 


Tonsil and Nasopharynx 


Of the 16 cases in which sections of the tonsil were available, poly- 
morphonuclear leukocytes were found within the crypts and infiltrat- 
ing the epithelium in 12 (Figs. 18 and 19). In the subjacent 
connective tissue the lymphatics usually were distended with lympho- 
cytes, many of which were pyknotic. Perivascular mononuclear cellu- 
lar infiltration, mural vascular edema, and thrombosis were seen 
occasionally. The striated muscle frequently showed interstitial edema 
and occasionally waxy degeneration of the fibers. In 2 cases of the 
few in which pharyngeal mucous membrane had been sectioned a 
striking lesion was found in the form of marked edema of the sub- 
mucosa and muscle with extensive cellular infiltrate, both mononuclear 
and polymorphonuclear (Figs. 40 and 41). 


Middle Ear and Mastoid Antra 


As noted previously, in 17 of the 31 cases there was gross exudate 
in the middle ear and mastoid antra. In 6 instances this was purulent 
(Fig. 39); and in 11 either mucoid or serous. In those showing grossly 
only mucoid or serous exudate, polymorphonuclear leukocytes were 
found microscopically in 5 instances (Fig. 38), but all had mononu- 
clear infiltration. Of the 14 mastoids which were normal grossly, sec- 
tions were available in 10. In 8 of these there was cellular infiltration; 
in 3 this was largely polymorphonuclear; and in 5 mononuclear with 
occasional eosinophils. 

Thrombi were found in sections of the upper respiratory tract 
(tonsil, pharynx, and larynx) in 8 instances of this series. 
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OTHER ORGANS 
Central Nervous System 


In 21 cases the meninges were edematous. In 18 there was increased 
cellularity; the infiltrating cells were lymphocytes and large mononu- 
clear cells with acidophilic cytoplasm. Focal subarachnoid hemor- 
rhages were found in 15 cases, and were associated with intense 
vascular engorgement and meningeal edema. Perivascular hemor- 
rhages were found frequently in the brain substance, and here also 
were associated with intense vascular engorgement and mural vascular 
edema. Thrombi were seen in the meninges, brain, or choroid plexus 


in 11 Cases. 7 
Endocrine Glands 


In every instance the pituitary, thyroid, and adrenal glands were 
hyperemic. Focal adrenal hemorrhages were present in 20 cases; 
thrombosis in addition to adrenal hemorrhage was seen once (Fig. 21). 
Thrombosis in the pituitary gland also was seen once in this series. 
The thyroid gland usually showed depletion of colloid, collapse of 
vesicles, and filling of the lumina with desquamated or proliferated 
epithelium. 

Heart 

In 3 cases there were foci of perivascular lymphocytic infiltration in 
the epicardium (Fig. 23). In 2 there was fibrinoid necrosis of the 
mitral valve and in one there was coronary sclerosis. Hyperemia and 
interstitial edema were noted frequently in the heart muscle. 


Liver 


In 17 cases there were periportal or parenchymal foci of lympho- 
cytic infiltration in the liver (Fig. 22). These usually were small, but 
in 2 instances the reaction was quite marked; pyknosis of lymphocytes 
often was seen within these foci. There usually was congestion of the 
sinusoids and in 2 instances a diffuse fatty degenerative change was 
Salivary Gland and Testis 

Lymphocytic infiltrate was present in 7 of the 11 submaxillary 
glands available for study. In this series there were 20 males; sections 
of testes were taken in 17 instances. Testicular lymphocytic infiltra- 
tion was seen in 9 cases. Two cases showed both submaxillary and 
testicular infiltration. Lymphocytes, large mononuclear cells, and oc- 
casionally plasma cells were seen (Figs. 49 and 50). 
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Kidney 


In the kidneys of 6 cases there was focal glomerulitis with conges- 
tion of capillaries, proliferation of endothelium, and occasionally fibrin 
thrombi or fibrinoid necrosis. In one kidney this change was extensive 
(Fig. 24). The occasional fibrotic glomerulus seen in 6 other cases was 
not considered significant in view of the frequency of this finding in 
our “normal control” material.? 


LYMPHATIC TISSUES 


The most conspicuous change in lymphatic tissues was hyperacute 
involution of the thymus, as indicated by hyperemia, hemorrhage, 
thrombosis, and destruction of lymphocytes with accumulation of 
abundant cytoplasmic and nuclear débris in enlarged Hassall’s cor- 
puscles. 

The lymph nodes lost their nodular architecture and their normally 
developing germinal centers. The reticular cells showed increased 
phagocytic activity. There was either diffuse hyperplasia or depletion 
of lymphocytes. Plasma cells sometimes were numerous; polymorpho- 
nuclear leukocytes and eosinophils occasionally were conspicuous. 
Hyperemia and focal hemorrhages were prominent (Fig. 20). While 
the involvement was most intense in the tracheobronchial and cervical 
groups, peripheral and mesenteric nodes also were affected. 

In the spleen distinct demarcation between the white and red pulp 
usually was lost. The malpighian bodies no longer showed a distinct 
follicular border (Fig. 42) and were often reduced in number and size; 
they seldom showed germinal centers, and occasionally pronounced 
reaction centers were seen. Hemosiderin occasionally was conspicuous. 
Pyknosis of lymphocytes was a common finding in all of the lymphatic 
tissues. 

EtTIoLocic STUDIES 

Bacteriologic studies were carried out in 24 of the 31 cases. Mixed 
flora of questionable significance were frequent. In 11 instances 
hemolytic Staphylococcus aureus, and in 3, Streptococcus haemolyticus, 
were recovered from the organs at necropsy. The tracheobronchial 
tree and mastoid were the usual sites from which these organisms were 
recovered. In one case a pure culture of hemolytic Staph. aureus was 
recovered from the heart’s blood, lung, and spleen. These organisms 
have been recovered occasionally from infants dying immediately after 
violence;* therefore their significance, except as secondary invaders, 
is questionable. An attempt to isolate viral agents is being conducted 
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by Dr. Karl Habel at the National Institute of Health in connection 
with the coordinated study of the problem of sudden death during 
infancy now being made at four centers.* 


ToxicoLocic STUDIES 


Early in the course of the study of this problem the organs of many 
of the cases were submitted to Dr. Alexander O. Gettler, Toxicologist 
of the Office of the Chief Medical Examiner, City of New York, for 
examination for known poisons. These results were negative. How- 
ever, in one case of this series in 1950 there was present 0.4 mg. of 
boric acid in 15.0 gm. of fixed liver and kidney; and in another, 0.15 
mg. in 12.0 gm. of tissue. These amounts are not considered significant. 
The discovery of a lethal amount (210 mg. in 200 gm. of fresh liver 
and kidney) of boric acid in another case of unexpected death (not 
found dead) emphasized the necessity of testing for this poisonous 
agent in all cases that show a “diaper” dermatitis. 


REPRESENTATIVE CASES 
Case 6 (ME 50-28) 


According to the mother, this 9-months-old infant had had a cold for several days 
and had breathed heavily the night before. He was last seen alive about 5 a.m. when 
he was given a bottle. About 10 a.m. he was found dead with his head at the foot 
of the carriage, covered by a house dress. Although he had often twisted around 
and slept in that position, the mother was sure that he had suffocated. He had a 
crusted lesion behind the ears that had been diagnosed as “allergic” by a health sta- 
tion physician. 

At necropsy there was mucoid material in both middle ears and mas- 
toid antra, and congestion of the cerebral vessels; a very small amount 
of aspirated stomach contents was seen extending into the upper trachea 
and there was congestion and edema of the lungs. 

Microscopic Findings. In the lung section there was marked col- 
lapse and congestion. Interstitial and intra-alveolar edema and hemor- 
rhage were moderately conspicuous. In one section only, a minute 
focus of intra-alveolar polymorphonuclear leukocytic exudation was 
seen. Intra-alveolar macrophages were prominent. In the bronchi 
there was degeneration and desquamation of epithelial cells and mu- 
cous hypersecretion. There was marked mural infiltration with mono- 
nuclear cells; a few polymorphonuclear leukocytes also were seen in 
the bronchial walls and lumina. In the epithelium lining the mastoid 
cells there was edema and infiltration by mononuclear cells and poly- 


* Supported by a grant from the Federal Security Agency, United States Public Health 
Service. 
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morphonuclear leukocytes (Fig. 38). In the tonsil there was hyper- 
emia; areas of the epithelium were undergoing necrosis and there was 
also polymorphonuclear leukocytic infiltration. In the larynx and 
trachea there was degeneration of the epithelium, conspicuous sub- 
epithelial mononuclear infiltration, and marked degenerative changes 
in the submucous glands. Focal hemorrhages and diffusion of lympho- 
cytes were seen in the cervical lymph nodes and spleen. In the kid- 
ney there was advanced glomerulonephritis (Fig. 24). In the liver 
there were a few foci of mononuclear infiltration. In the pancreas there 
was interstitial edema. In the adrenal gland there was focal hemor- 
rhage. Thrombi were seen in the mesenteric vessels. The cerebral ves- 
sels were hyperemic and there was an occasional focal hemorrhage. 


Case 8 (ME 50-47) 


According to the mother, this 3-weeks-old female infant had been entirely well. 
She was found dead 3% hours after her last feeding. She was lying on her back, 
head not covered; there was no vomitus on the face or bedclothes. The day after 
this infant’s death an older sibling developed a sore throat. 


At necropsy the mastoids were normal grossly. There was no aspi- 
ration of stomach contents. Petechiae were prominent in the thymus, 
epicardium, and pleura. The lungs were extremely dark, purplish red 
and moderately edematous. The spleen was soft; the follicles indistinct. 

Microscopic Findings. In the lungs there was extremely marked 
collapse with congestion. There was moderate intra-alveolar edema. 
In several large pulmonary veins there were thrombi (Fig. 3). The 
vessel walls at the sites of thrombosis had focal infiltration by eosino- 
philic mononuclear cells, plasma cells, and a few eosinophils. The 
bronchial walls showed edema, but no infiltration. There was moderate 
epithelial degeneration and desquamation. In the tracheal lumen there 
was a small amount of mucoid material mixed with lymphocytes and 
a few polymorphonuclear cells. The cervical lymph nodes were 
hyperemic. The mastoid epithelium showed infiltration by eosinophils 
and polymorphonuclear leukocytes. There were focal adrenal hemor- 
rhages. In the meninges there were focal perivascular hemorrhages. 

Culture of the lung was sterile; no pathogenic organisms were 
recovered from the other viscera. 


Case 15 (ME 50-133) 


According to the mother, this 5-day-old infant had been discharged from the 
hospital on the day of death. The hospital record revealed that the infant’s progress 
was believed to have been entirely normal. He was found dead in his crib face down 
¥% hour after a feeding. There was no vomitus on the bedclothes. The infant and 
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mother were Rh positive and the direct Coombs’ test of post-mortem blood was 
negative. A sibling had a cold. 

At necropsy the mastoids were normal. There was no aspiration of 
stomach contents. The lungs showed moderate congestion and edema 
with a few pleural petechiae. The spleen was soft and had indistinct 
follicles. The thymus was markedly involuted. 

Microscopic Findings. In the lung there was extreme loss of aera- 
tion as the result of collapse, congestion, and edema. A moderate 
number of squames (from vernix) were seen in some alveoli. A single 
small focus of intra-alveolar lymphocytic and polymorphonuclear 
leukocytic exudation was seen in one section. In the bronchi, edema 
of the walls was conspicuous but there was no infiltration. In a vocal 
cord there was focal necrosis with infiltration by pyknotic lymphocytes 
and polymorphonuclear leukocytes (Fig. 16). There was ulceration of 
the overlying epithelium. In the myocardium a focus of mononuclear 
infiltration was seen. Similar foci, mainly perivascular, were seen also 
in the testis and submaxillary gland. Thrombi were seen in the vessels 
of the brain, thymus, and lung. There was interstitial edema in the 


ancreas. 
P DISCUSSION 


In evaluating the significance of morphologic findings in infants 
found dead the lesions were compared with those in infants dying of 
violence. In those found dead morphologic evidence indicating acute 
respiratory disease was present in all infants; the lesions were multi- 
ple, although they varied as to their location and also as to their 
extent. In the group with violent deaths,” local lesions in the respira- 
tory tract were not constant, usually not multiple, and when present 
were mild. One would expect to find minor lesions, acute or not, in the 
respiratory tract of some infants regardless of the cause of death, 
since respiratory infections are so common in infancy and early child- 
hood. 

An equally significant difference was found in these two series of 
cases with reference to systemic changes in the blood vessels and the 
lymphatic system. In not one of the examples of violent death was 
there loss of the normal lymph-follicular pattern or the extent of de- 
pletion of lymphocytes or hyperplasia seen in the infants found dead. 
In no case of death immediately after trauma was there found the 
same degree of hyperemia or hemorrhage in the thymus, bronchopul- 
monary and cervical lymph nodes. Also absent from these cases was 
the extreme visceral congestion. Even in death by strangulation, the 
viscera did not show the petechiae that were so prominent in most 
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infants found dead. Thrombosis, which was found in 20 of the 31 cases 
on routine section, was never seen in those dying of trauma. 

The vascular changes and lymphatic tissue reactions are, in a sense, 
non-specific. They occur in various infections, such as meningo- 
coccemia and pneumonia, in any age group, and can be induced readily 
in the experimental animal, not only by infectious agents, but also 
with non-living antigens such as bacterial vaccines.**° 

In the past 20 years we have studied also many cases of infant 
deaths reported to the Medical Examiner’s Office because death oc- 
curred after a fulminating clinical illness lasting, in most cases, from 
a few minutes to a few hours.’ The gross necropsy findings in some 
were inconclusive; the microscopic changes were analogous to those 
encountered in infants found dead. In others, a conventional gross 
cause of death was found, such as bronchopneumonia, laryngotracheo- 
bronchitis, or meningitis. The same vascular changes described in 
infants found dead were often prominent. 

One is tempted to suggest, therefore, that the vascular changes 
common to all groups of infants under discussion may represent an 
important, perhaps not less important, factor in the pathogenesis of 
the fatal disease than the local lesion which is ordinarily accepted as 
a conventional cause of death. 

We have previously shown that sudden, apparently unexplained 
death during early life rarely occurs after the age of 1 year and is 
mainly a problem of the first 6 months of life.** This is the period 
when the prognosis in pneumonia is gravest.’ We have shown also 
that in New York City the seasonal incidence of deaths previously 
ascribed to accidental mechanical suffocation parallels those certified 
as being due to respiratory infections.* Despite the original report 
that these infants were apparently healthy, careful investigation at 
the scene of death and in follow-up interviews with the parents often 
revealed a history of exposure to respiratory disease. In many, a his- 
tory of a recent cold or of other symptoms referable to respiratory 
disease was obtained also. We have had instances in which one of 
twins was found dead and the other subsequently became ill of respi- 
ratory disease. At the present time the etiologic agents responsible 
for the great majority of respiratory diseases are unknown. It is not 
surprising, therefore, that the specific causes for the fulminating respi- 
ratory disease in the infants found dead remain to be discovered. 

Until very recently smothering has been the traditional explanation 
for the sudden deaths of infants while in apparent health. However, 
as early as 57 years ago Brouardel and Benham,” undcr the he-dir~ 
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of pulmonary congestion, called attention to bronchitis as a common 
cause of sudden deaths in infants “5 or 6 months old.” “A child is 
found dead in its cradle one morning, and its nurse and mother, espe- 
cially if the mother is an unmarried girl, are accused of having smoth- 
ered the child by pressure with the arm. An autopsy is ordered, and 
this is what is usually found:—You know that, in what is called 
‘capillary bronchitis’ or ‘suffocating catarrh of children’ (Laennec), 
intense pulmonary congestion now and then occurs, which places the 
child’s life in jeopardy for several hours. When the child is strong, 
and is more than 7 or 8 months old, it seldom dies of the first attack 
of congestion. But when the age is less than 6 months, death may 
occur in the first attack ....... ” Unfortunately, their paper attracted 
little, if any, interest. Farber,’* in 1934, called attention to fulminat- 
ing streptococcal septicemia as a cause of sudden death in infants. He 
reported 2 cases in which the infants were found dead, allegedly of 
suffocation, with streptococci in the heart’s blood and with early inter- 
stitial infiltration of the alveolar walls and peribronchial lesions. 

In 1938 Goldbloom and Wiglesworth,"* in Canada, presented evi- 
dence of respiratory infection sufficient to explain 19 of 30 sudden 
deaths in infants. In 1942 one of us (J. W.)” reported upon the asso- 
ciation of histologic evidence for fulminating respiratory disease with 
sudden, apparently unexplained death during infancy. In 1945 Davi- 
son* noted a precipitous drop in the incidence of mechanical suffoca- 
tion in his jurisdiction as a result of the routine performance of 
necropsies on infants found dead. Of 318 cases investigated by him, 
he concluded that suffocation was present in only 24. In a series of 
167 cases reported by us in 1947,° we found no evidence to support 
the conclusion that smothering had occurred; the great majority 
showed lesions of the respiratory tract and other organs. 

In 1944 Abramson” reported an increasing number of infant deaths 
certified as due to accidental mechanical suffocation. An analysis of 
a representative sample of the cases reported by him shows that in the 
majority necropsies were not performed, and in those that were necrop- 
sied many did not have an examination of the brain, neck organs, mid- 
dle ears, or mastoids; and, with one exception, microscopic findings 
were not recorded. We* showed that in the New York City area the 
increasing incidence of death due to “accidental mechanical suffoca- 
tion” reflected a corresponding decrease in deaths certified as status 
thymicolymphaticus. It was obvious, therefore, that one unsatisfac- 
tory “cause” of death was being substituted for another. 

Bowden and French," in their second series of unexpected deaths 
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in infants and young children, reported the finding of histologic evi- 
dence of tracheobronchitis and acute bronchitis in 29 of 43 cases. 
Gruenwald and Jacobi’® reported the presence of “mononuclear pneu- 
monia” in 47 of 52 consecutive cases of sudden rapid death in infants. 
Since mononuclear cells respond readily to any of a great variety of 
stimuli, including that of a protracted death agony (as seen in infants 
dying after known violence), we do not consider that they are signifi- 
cant by themselves. For the same reason the term giant cell pneu- 


monia’® is objectionable. 
SUMMARY 


Thirty-one consecutive cases of infants dying suddenly while in 
apparent good health and with gross necropsy findings insufficient to 
explain death were studied microscopically. In all cases there were 
microscopic inflammatory lesions in the upper and lower respiratory 
tracts. There were vascular changes both in the respiratory tract and 
in other organs. The spleen, lymph nodes, and thymus showed charac- 
teristic reactions. The presence of these changes may be regarded as 
evidence that death was caused by fulminating respiratory disease. 


Acknowledgment is made to Miss Lillian Lesser for the photomicrographs. 
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LEGENDS FOR FIGURES 


1. ME 42-36. Female, 2 months old. Found dead in crib, allegedly suffocated. 
Lung: Extreme congestion. For comparison with Figure 2. 


2. ME 42-65. Male, 8 months old. Death by drowning. Lung: Normal air 
content; absence of congestion. 


3. Case 8 (ME 50-47). Female, 3 weeks old. Found dead. Lung: Extreme 
collapse, congestion; thrombus in pulmonary vein. For comparison with Figure 
4. X 12. 


4. ME 46-101. Male, 2% months old. Death by drowning. Lung: Normal 
bronchi and alveoli; complete absence of congestion, edema, and infiltration. 


5. ME 44-309. Male, 3 months old. Found dead. Lung: Focal interstitial 
pneumonitis. X 34. 


.6. High power view of a portion of Figure 5. X 146. 


.7. Case 12 (ME 50-77). Male, 10 days old. Found dead. Lung: Focal broncho- 
pneumonia. X 42. 


. 8. High power view of a portion of Figure 7. X 180. 
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g. Case 11 (ME 50-74). Male, 6 weeks old. Found dead. Lung: Extreme 
capillary engorgement. X 70. 


10. ME 47-17. Male, 3 months old. Found dead. Lung: Interstitial edema 
and hemorrhage. X 65. 


11. Case 5 (ME 50-14). Female, 3 weeks old. Found dead. Lung: Mural 
bronchitis with hyperemia, edema, and mononuclear cellular infiltration. Of 
note is the alveolar capillary congestion. X 35. 


.12. High power view of a portion of Figure 11. X 145. 
. 13. Case 7 (ME 50-30). Male, 2 months old. Found dead. Lung: Bronchitis 


with epithelial degeneration and desquamation; a few polymorphonuclear leuko- 
cytes (seen in higher magnification) are admixed with the epithelial débris. X 35. 


.14. Case 28 (A 4299). Male, 3 months old. Found dead. Lung: Perivascular 


hemorrhage. Of note also are pulmonary collapse and congestion. X 42. 


.15. Case 18 (ME 50-143). Male, 1 month old. Found dead. Larynx through 
vocal cord: Degeneration of epithelium; edema and early necrosis of connec- 
tive tissue with early infiltration by polymorphonuclear leukocytes and mono- 
nuclear cells. X 42. 


.16. Case 15 (ME 50-133). Female, 5 days old. Found dead. Larynx through 


vocal cord: Necrosis with polymorphonuclear leukocytic and mononuclear cel- 
lular infiltration. X 70. 
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17. Case 20 (ME 50-168). Male, 2 months old. Found dead. Larynx: Mono- 
nuclear cellular infiltration of gland deep within larynx; exudate within duct. 
X 180. 


18. Case 20 (ME 50-168). Male, 2 months old. Found dead. Tonsil: Acute 
tonsillitis; polymorphonuclear leukocytic infiltration; pus in crypt. X 24. 


19. High power view of a portion of Figure 18. X 300. 


20. Case 5 (ME 50-14). Female, 3 weeks old. Found dead. Cervical lymph 
node: Hyperemia and focal hemorrhage. X 12. 


21. Case 12 (ME 50-77). Male, 10 days old. Found dead. Adrenal gland: 
Thrombus in vessel and focal hemorrhage in inner cortical! zone. X 42. 


22. Case 7 (ME 50-30). Male, 2 months old. Found dead. Liver: Periportal 
mononuclear cellular infiltration. X 145. 


23. Case 28 (A 4299). Male, 3 months old. Found dead. Heart: Perivascular 
lymphocytic infiltration. X 42. 


24. Case 6 (ME 50-28). Male, 9 months old. Found dead. Kidney: Azocar- 
mine stain showing active glomerulonephritis with fibrinoid degeneration and 
fibrosis of glomerular capillaries. X 35. 


i 


a 


SUDDEN DEATH DURING INFANCY, I 657 


age 
. 
4 


658 


Fic. 


Fic. 


FIc. 


WERNE AND GARROW 


25. ME 42-36. Female, 2 months old. Found dead in crib, allegedly suffo- 
cated. Lung: Cut section showing extreme congestion and edema. 


26. ME 46-101. Male, 214 months old. Death by drowning. Lung: Normal 
bronchi and vessels; well aerated normal alveoli found throughout the greater 
portion of the lung. X 40. 


27. Periphery of lung of same case as Figure 26, showing collapse. This change 
was limited to small areas in the periphery. There is no congestion. X 4o. 


28. ME 52-94. Male, 13 days old. Found dead. Lung: Collapse, congestion, 
intra-alveolar edema, and macrophages. Of note also are the bronchial epithe- 
lial degeneration and desquamation with obstruction of the lumen. For com- 
parison with Figures 26 and 27. X 40. 
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29. Case 4 (ME 50-11). Female, 7 weeks old. Found dead. Lung: Interstitial 
edema, dilated lymphatics, and hyperemia; alveolar and bronchial hyperemia 
and edema. X 110. 


30. ME 46-101. Female, 2% months old. Death by drowning. Normal lung: 
For comparison with Figure 32. There is complete absence of edema, congestion, 
and intra-alveolar macrophages. X I10. 


31. Case 19 (ME 50-159). Female, 3 months old. Found dead. Lung: “Plate- 
let” and leukocytic thrombus in pulmonary vein. X 205. 


32. Case 5 (ME 50-14). Female, 3 weeks old. Found dead. Lung: Extreme 
alveolar capillary congestion; edema fluid and macrophages in alveolar lumina. 
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Fic. 33. 52-A-14. Female, 4 months old. Found dead. Bronchiole: Polymorpho- 
nuclear leukocytic infiltration and exudation. X 230. 


Fic. 34. A portion of the area of bronchiolitis shown in Figure 33 at much higher 
magnification. X 978. 

Fic. 35. Case 19 (ME 50-159). Female, 3 months old. Found dead. Liver: Fatty 
change. X 205. 
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3. 36. Case 12 (ME 50-77). Male, 10 days old. Found dead. Larynx through 
vocal cord: Degeneration of the stratified squamous epithelium and fibrinoid 
change in vocal ligament. X 110. 


.37. ME 52-145. Female, 4 years old. Homicidal strangulation. Mastoid: 
Normal mastoid with thin lining epithelium; there is no cellular infiltration. 
For comparison with Figures 38 and 39. X 66. 


3. 38. Case 6 (ME 50-28). Male, 9 months old. Found dead. Mastoid: Moderate 
edema and infiltration of lining epithelium by monenuclear cells and poly- 


morphonuclear leukocytes. Grossly, this mastoid contained mucoid material. 
x 66. 


.39. Case 3 (50-A-54). Male, 6 weeks old. Found dead. Mastoid: Edema 
and infiltration by polymorphonuclear leukocytes and mononuclear cells. This 
mastoid was grossly purulent. 66. 
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Fic. 40. Case 11 (ME 50-74). Male. 6 weeks old. Found dead. Pharynx: Hypere- 
mia, edema, and mononuclear cellular infiltration extending into the muscle. 
X 104. 


Fic. 41. High power view of a portion of Figure 40, through a zone of interstitial 
myositis. X 205. 
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Fic. 42. Case 6 (ME 50-28). Male, 9 months old. Found dead. Spleen: Loss of 
distinct follicular borders. X 66. 


Fic. 43. ME 45-75. Male, 9 months old. Death by drowning. Spleen: Normal 
follicular borders. For contrast with Figure 42. X 66. 
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Fic. 44. Case 20 (ME 50-168). Male, 2% months old. Found dead. Tonsil: Indis- 
tinct follicular borders. X 66. 


Fic. 45. ME 46-101. Female, 2% months old. Death by drowning. Tonsil: Dis- 
tinct follicular borders in normal infant. X 66. 
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Fic. 46. Case 5 (ME 50-14). Female, 3 weeks old. Found dead. Lung: Extreme 
capillary congestion. There are a few macrophages in the alveoli. Of note are 
the squames (from vernix). The dark amorphous material is formalin-produced 
pigment. X 460. 


47. ME 46-101. Male, 2% months old. Death by drowning. Lung: Normal. 
For comparison with Figures 46 and 48. X 460. 


.48. Case 11 (ME 50-74). Male, 6 weeks old. Found dead. Lung: Extreme 
congestion and intra-alveolar hemorrhage; macrophages are seen in the alveoli. 
The dark amorphous material is formalin-produced pigment. X 460. 
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Fic. 49. Case 11 (ME 50-74). Male, 6 weeks old. Found dead. Submaxillary 
gland: Focal mononuclear cellular infiltration. X too. 


Fic. 50. Case 25 (A 4250). Male, 4 months old. Found dead. Testis: Focal mono- 
nuclear cellular infiltration, mainly perivascular. X 205. 
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PONTINE HEMORRHAGE IN INTRACRANIAL HYPERTENSION * 


S. Fietps, M.D., and Béta Hatpert, M.D. 


(From the Departments of Psychiatry and Neurology and of Pathology, Baylor University 
College of Medicine, and the Veterans Administration Hospital, Houston, Texas) 


In a study of the pressure effects of intracranial neoplasms, hemor- 
rhage in the pons was encountered with unexpected frequency.’ It 
seemed, therefore, of interest to investigate the mechanism that pro- 
duces pontine hemorrhage and the réle that it may play in patients 
having increased intracranial pressure due to space-occupying lesions. 
The clinical importance of herniation of the temporal lobe due to an 
expanding supratentorial neoplasm was first pointed out by Jefferson.” 
Subsequently Schwarz and Rosner® and Scheinker* have stressed the 
clinical importance of tentorial herniation and the concomitant occur- 
rence of hemorrhage in the midbrain or pons. Recently, the occur- 
rence of hemorrhage in the brain stem in patients with supratentorial 
space-occupying lesions was re-emphasized by Cannon? in a study of 
MATERIAL AND METHODS 

This study was made on encephala from 43 patients, all males, with 
morphologic evidences of intracranial hypertension due to supraten- 
torial space-occupying lesions. The records of these patients were 
surveyed and their encephala were re-examined with special attention 
to hemorrhage into the pons and into the adjacent midbrain. The in- 
creased intracranial pressure was due to intracranial hemorrhage in 
20, to primary intracranial neoplasm in 14, to metastatic growths in 8, 
and to brain abscess in one of the patients. 

The criteria used for morphologic evidence of intracranial hyper- 
tension were: increased weight of the brain, flattening of the cerebral 
convolutions with narrowing of the sulci, pressure cone over the cere- 
bellum, tentorial pressure grooves, herniations through the tentorial 
incisura, herniation under the falx cerebri, and distortion or displace- 
ment of the ventricles. 

RESULTS 

In the group of 20 patients whose intracranial hypertension was due 
to intracranial hemorrhage, vascular hypertension was the underlying 
cause in 9, trauma in 7, and aneurysm in 4. Midbrain or pontine 
hemorrhage was observed in the encephala of 3 of the 9 patients who 


* Presented at the Forty-ninth Annual Meeting of the American Association of Patholo- 
gists and Bacteriologists, New York City, April 10, 1952. 
Received for publication, December 12, 1952. 
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had vascular hypertension, in 6 of the 7 with traumatic hemorrhage, 
and in 2 of the 4 patients with ruptured aneurysm. Thus, hemorrhage 
in the pons or midbrain was observed in 11 of 20 encephala of those 
patients in whom the increased intracranial pressure was due to intra- 
cranial hemorrhage. 

In the group with primary intracranial neoplasm, midbrain or pon- 
tine hemorrhage was observed in 5 of the 14 encephala. In the group 
of patients with metastatic growths in the brain, no hemorrhage was 
observed in any of the 8 brains. The patient with abscess in one cere- 
bral hemisphere had hemorrhage in the pons. Midbrain or pontine 
hemorrhage was thus observed in 17 of the 43 brains examined. 

The clinical signs and symptoms associated with midbrain or pon- 
tine hemorrhage that were recorded in the 17 patients were: sudden 
coma in 17, tachycardia in 16, hyperthermia in 13, respiratory distress 
in 13, hypertension in 6, and fixed pupils in 5 of the patients. 

The following reports are illustrative of findings in patients in each 
of the three groups. 

Case 1 


W. J. S., a white male, 49 years of age, was admitted to the Veterans Administra- 
tion Hospital, Houston, Texas, on September 28, 1950. He had awakened 2 hours 
prior to admission with severe occipital headache. He had taken aspirin and then 
became nauseated and vomited. A few minutes later he lapsed into coma and was 
admitted to the hospital in this condition. At that time respirations were labored 
and gasping at a rate of 30 per minute; the pulse rate was 120; blood pressure 
250/120 mm. Hg. There was a generalized fine tremor. The deep tendon reflexes 
were markedly hyperactive with bilateral ankle clonus and Babinski signs. The pupils 
were dilated and did not react to light. Emergency measures were instituted for 
resuscitation; however, the patient died about 1 hour after admission. 

At necropsy (N-—162-50), the brain weighed 1520 gm. There was a 
slight pressure cone over the cerebellum and there were tentorial pres- 
sure grooves. The convolutions were markedly flattened and the sulci 
narrowed. The vessels of the circle of Willis were beaded. On cut sur- 
faces of the cerebral hemispheres at the level of the optic chiasm the 
cavities of the lateral and third ventricles were filled with clotted blood. 
There was also massive destruction of brain substance extending from 
the right lateral ventricle through the septum pellucidum, the fornix, 
and the basal ganglia to the claustrum. Tissue destruction was con- 
tinuous on the cut surfaces for 2 cm. anteriorly and 2 cm. posteriorly. 
Here the extravasation extended into the right cerebral peduncle (Fig. 
1). On cut surfaces of the midbrain just anterior to the pons the aque- 
duct of Sylvius was obliterated by massive extravasation of blood that 


occupied most of the cut surfaces and extended almost through the 
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entire length of the pons (Fig. 2). In microscopic preparations of the 
pons the cellular and fibrillar patterns were extensively obliterated by 
recent extravasations of erythrocytes with no cellular reaction. Perti- 
nent items in the anatomical diagnosis were: arteriolar nephrosclerosis, 
cardiac hypertrophy, sclerosis of cerebral arteries with hemorrhage 
into right cerebral hemisphere, and extension into ventricles and mid- 


brain. 
Case 2 


T. H. W., a white male, 58 years old, was admitted to the Veterans Administration 
Hospital, Houston, Texas, on February 10, 1950, with a bleeding, painful ulcer 
below and behind the right ear. A basal cell tumor had been excised in August, 1949. 
There was a large denuded area over the angle of the right mandible with trismus 
of the jaw muscles. Local treatment and parenteral penicillin were administered to 
clear up the infection. On May 17, 1950, biopsy of suspicious sites disclosed squa- 
mous cell carcinoma. The patient went on leave and failed to return until August 12, 
following severe hemorrhage from the ulcer. The tumor was considered inoperable 
because of involvement of the skull and of the internal and external carotid arteries. 
A course of irradiation therapy was given and the patient was discharged on Septem- 
ber 22. When readmitted on December 21, he was complaining of severe pain in 
the neck, requiring narcotics every 3 or 4 hours. On February 21, 1951, bilateral 
prefrontal leukotomies were performed using electrocoagulating needles. Following 
operation the patient failed to regain consciousness and developed continuous clonic 
jerking of the right arm and spasticity of the right leg. On the following day lumbar 
puncture was performed. Within 30 minutes the patient’s temperature rose to 120° 
F. and his pulse to 96 per minute. Shortly thereafter respirations ceased. 

At necropsy (N-39-51), the brain weighed 1600 gm. There was a 
marked pressure cone over the cerebellum and there were slight ten- 
torial pressure grooves. There was extravasated blood in the cistern of 
the optic chiasm, in the interpeduncular fossa, and along the medial 
border of the left temporal lobe. A ragged opening in each frontal 
lobe, 5 cm. posterior to the anterior pole, marked the entrance of the 
coagulating needles. On the cut surfaces of the cerebral hemispheres 
at the level of the anterior poles of the temporal lobes, tracts from the 
operative openings extended into the lateral ventricles. The ventricles 
contained clotted blood (Fig. 3). The tracts extended into each lenti- 
form nucleus on cut surfaces 2 cm. posteriorly. On cut surfaces of the 
midbrain just anterior to the pons the aqueduct of Sylvius contained 
clotted blood. There was a massive extravasation of blood, measuring 
1.6 by 0.4 cm., in the median line. On sagittal cut surfaces of the 
vermis cerebelli, the pons, and the medulla oblongata, the cavity of the 
fourth ventricle was found to be filled with clotted blood and soft 
tissue débris protruded from the floor. The extravasation of blood ex- 
tended to within 1 cm. of the surface of the pons, destroying much of 
its substance (Fig. 3). Microscopic preparations from the pons dis- 
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closed massive extravasation of erythrocytes, with the adjacent tissue 
transformed into cellular débris. Pertinent items in the anatomical 
diagnosis were: sutured wounds of recent, bilateral, prefrontal leu- 
kotomies (for intractable pain); hemorrhage into basal ganglia, mid- 
brain, and pons; healed surgical wounds for excision of carcinoma of 
the left forehead and removal of right cervical lymph node for biopsy; 
keratinizing squamous cell carcinoma of right side of face, with ulcera- 
tion and invasion of adjacent structures. 


Case 3 


V. W., a white male, 55 years of age, was first admitted to the Veterans Adminis- 
tration Hospital, Houston, Texas, on January 7, 1951. According to his wife he had 
been well until November 28, 1950, when he began complaining of severe headaches 
and stiff neck, with chills and fever up to 103° F. Following administration of 
penicillin the fever subsided, his mental confusion disappeared, and after a few days 
he was able to return to work. During the night of January 5, 1951, he awakened 
with severe headache and mental confusion, followed by repeated episodes of vomit- 
ing. On admission on the next day, aphasia and right spastic hemiparesis were noted. 
The following day the spinal fluid was xanthochromic, with 1500 erythrocytes per 
cmm. and protein, 184 mg. per cent. A diagnosis of subarachnoid hemorrhage due 
to ruptured intracranial aneurysm was made. A left carotid angiogram on January 
19 failed to reveal any abnormality. The patient began to improve and was dis- 
charged on March 13 with a mild residual right hemiparesis and no speech disturb- 
ance. He was readmitted on May 19 with progressive right-sided weakness of 24 
hours’ duration and generalized convulsive seizures. He was comatose, with a 
respiratory rate of 18, pulse rate 80, and blood pressure 130/80 mm. Hg. There 
were generalized clonic muscular contractions. The right pupil was dilated, and both 
pupils reacted sluggishly to light. The head and eyes were turned toward the right. 
Pyramidal tract signs were bilateral, with the reflexes more active on the left. Three 
hours after admission a lumbar puncture disclosed an initial pressure of 220 mm., 
xanthochromic fluid, and 438 crenated erythrocytes per cmm. The protein content 
was 118 mg. per cent. Following this procedure, the temperature rose to 102° F., 
pulse rate to 140, respiratory rate to 26, and blood pressure to 160/90. Two hours 
later respirations ceased. The patient was placed in a respirator, and he died 36 
hours later. 


At necropsy (N-95-51) there was a slight pressure cone over the 
cerebellum and there were marked tentorial pressure grooves. The 
cerebral convolutions were flattened and the sulci narrowed, particu- 
larly over the right frontal lobe where they were filled with clotted 
blood. On sectioning the cerebral hemispheres a neoplastic area 4 
cm. in diameter was found in the right frontal lobe near the genu of 
the corpus callosum. In a section 2 cm. posteriorly there was another 
area of neoplastic involvement, 2.4 by 2.2 cm., in the left cerebral 
hemisphere below an area of flattened convolutions in the parietal re- 
gion. On sectioning again 2 cm. posteriorly, there appeared an area 
of neoplastic involvement, 4 by 3 cm., occupying the cavity of the left 
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lateral ventricle in the region of the glomus choroideum. This had a 
spongy appearance with coarse septa subdividing discolored black 
fields (Fig. 4). Massive areas of hemorrhage appeared on the cut 
surfaces of the midbrain and pons (Fig. 4). Microscopic examination 
revealed malignant melanoma, primary in the left glomus choroideum. 
The pertinent findings in the anatomical diagnosis were: malignant 
melanoma of left glomus choroideum with hemorrhage into the sub- 
arachnoid space, midbrain, and pons; metastasis to cerebral hemi- 
spheres and to lungs. 


DIscuUSsSION AND COMMENT 


Analysis of the clinical data disclosed that hemorrhage in the brain 
stem occurred only in those 17 patients in whom there was a sudden 
change in intracranial hydrodynamics. In the 11 patients in whom 
intracranial hemorrhage produced the intracranial hypertension and 
who developed hemorrhage in the pons or midbrain, this extravasation 
either was produced by the initial hemorrhage or by the trauma itself, 
or it was induced by a sudden change of pressure brought about by 
lumbar puncture. The 3 patients with vascular hypertension who de- 
veloped hemorrhage in the brain stem died within 24 hours after the 
onset of the acute episode. Among the patients with traumatic hemor- 
rhage, one died within 24 hours after admission, and 4 who had been 
in the hospital for varying lengths of time died within 24 hours fol- 
lowing lumbar puncture. Both patients with aneurysm died within a 
few hours after lumbar puncture. 

Of the group of patients with primary intracranial neoplasm with 
pontine or midbrain hemorrhage, one died 4 hours following lumbar 
puncture, 3 died within 24 hours following craniotomy, and one within 
48 hours after the operation. In these 5 patients the sudden change 
of intracranial hydrodynamics was brought about by lumbar puncture, 
ventriculography, or craniotomy. 

The hemorrhages were usually multiple and either in or adjacent to 
the midline of the midbrain or pontine tegmentum, rather than in the 
base. They were more extensive in patients in whom the intracranial 
hemorrhage was due to trauma than in those with vascular hyperten- 
sion or aneurysm and were least extensive in those with primary intra- 
cranial neoplasm. It appeared, therefore, that in those patients in 
whom the intracranial pressure built up gradually, no pontine or mid- 
brain hemorrhage developed. This was true particularly in the group 
with slowly growing primary and metastatic intracranial growths. 
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The midbrain and pons, by their situation just beneath the tentorial 
incisura and on the clivus, may be affected by pressure from above as 
well as from below the tentorium. Such pressure, by interfering with 
the circulation of the blood, causes hemorrhage within the substance 
of the pons or adjacent midbrain. The resulting tissue destruction and 
edema further impair the circulation and disrupt the nerve pathways. 
The pressure from above the tentorium, as well as the changes in the 
pons or midbrain, contribute to increase of subtentorial tension that 
results in compression of the medulla oblongata and the cerebellar ton- 
sils against and into the foramen magnum. 

Herniation through the tentorial incisura is more apt to occur when 
the space-occupying mass is located in the frontotemporal or parieto- 
temporal regions. On the other hand, when the lesions are located 
near the frontal pole or near the occipital pole, distortion of the intra- 
cranial structures is less evident. Sudden change in intracranial hydro- 
dynamics when the space-occupying lesion is supratentorial causes 
herniation through the tentorial incisura. The resulting hemorrhage 
in the pons and adjacent midbrain occurs more often and is of greater 
consequence than herniation of the cerebellum and medulla oblongata 
into the foramen magnum. Thus it appears that, in the presence of a 
supratentorial space-occupying lesion, lumbar puncture is more likely 
to be followed by herniation through the tentorial incisura than by 
herniation of the contents of the posterior cranial fossa into the fora- 
men magnum. 

SUMMARY 

A pilot study was made of 43 encephala with morphologic evidence 
of intracranial hypertension due to supratentorial space-occupying 
lesions to determine the frequency of hemorrhage into the pons and 
adjacent midbrain and to investigate the mechanism that produces it. 

Pontine or midbrain hemorrhage was encountered in 17 of the 43 
encephala examined. The clinical data disclosed that such hemorrhage 
occurred only in those patients in whom there was a sudden change 
in the intracranial hydrodynamics as brought about by direct trauma, 
lumbar puncture, ventriculography, or craniotomy, which caused 
herniation through the tentorial incisura. It is believed that this event 
occurs more often and is of greater consequence than herniation of 
the cerebellum and medulla oblongata into the foramen magnum. 
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LEGENDS FOR FIGURES 


1. Cut surfaces of cerebral hemispheres with massive extravasation of blood 
into both lateral and third ventricles and destruction of the brain substance 
particularly on the right, where the hemorrhage extends into the cerebral 
peduncle (case 1, N-162-50). 


2. Cut surfaces of the midbrain, just anterior to the pons, with the region of 
the aqueduct obliterated by massive extravasation of blood that occupies most 
of the cut surfaces (case 1, N-162-50). 


3. Cut surfaces of the cerebral hemispheres with the operative tracts of leu- 
kotomies that extend into each lentiform nucleus. On saggital cut surfaces of 
the vermis cerebelli, pons, and medulla oblongata, there is massive hemorrhage 
into the fourth ventricle with destruction of the tissues of its floor (case 2, 
N-39-51). 


|_| 
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Fic. 4. Malignant melanoma of glomus choroideum of left lateral ventricle with 
metastasis to cerebral hemispheres and massive hemorrhage into the subarach- 
noid space and into the midbrain (case 3, N—g5-51). 
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CORONARY EMBOLISM IN BACTERIAL ENDOCARDITIS * 


Joret G. Brunson, M.D. 
(From the Department of. Pathology, University of Minnesota Medical School, 


Minneapolis 14, Minn.) 

Certain diseases of the coronary arteries, such as thrombosis, are 
well established clinical and pathologic entities, but coronary embolism 
has received comparatively little attention and, indeed, even its occur- 
rence has been doubted by certain writers. 

Gallavardin and Dufourt,' in reporting a case in 1913, stated that 
embolism of the coronary arteries was one of the most exceptional of 
events. They attributed this to the angle at which the vessels left the 
aorta, their dimensions, and the speed and force of blood flow past the 
vessels. Coombs,” however, in 1922, reported that the myocardial 
lesions in bacterial endocarditis are almost always due to emboli. In 
1935 Hoseason* wrote, “Coronary embolism is extremely uncommon; 
the probabilities are so strongly against an embolus of suitable size 
being swept by the violent aortic stream into a coronary artery that it is 
remarkable that it should occur at all.” He believed that the ostia of 
the coronary arteries would be more or less covered during systole by 
the aortic valve cusps and that the rush of the aortic blood would sweep 
any loose fragments well past the coronary openings before their dias- 
tolic filling began. 

The purpose of this paper is to review the literature concerning the 
frequency of coronary embolism in bacterial endocarditis and to re- 
port the study of 9 successive cases of bacterial endocarditis seen in 
the Department of Pathology of the University of Minnesota between 
October, 1951, and July, 1952. 


LITERATURE 


In 1933 Saphir* published an extensive historical review of the sub- 
ject of coronary embolism in which he collected all of the reported 
cases beginning with one described by Virchow in 1856. He found a 
total of 11 acceptable cases and added 3 of his own. Certain obvious 
criteria, specifically the absence of intrinsic coronary disease and the 
presence of a source from which an embolus might arise, were empha- 
sized as being of value in separating thrombosis from embolism. Since 
then there have been scattered reports of coronary embolism appearing 
in the literature. Most of these (Garvin and Work,® Hamman and 
Rich,® Latscha e¢ Moragues e¢ al.,5 and Parks®) have dealt with 
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one or two cases and all but one (Moragues e¢ al.) have been asso- 
ciated with bacterial endocarditis. Hamman, in 1941,"° referred to 40 
cases of coronary embolism of which 19 had been reported as occur- 
ring in bacterial endocarditis. 

Certain other papers have dealt with larger numbers of cases. 
Saphir," in 1935, reported that he had found coronary emboli micro- 
scopically in 18 of 35 cases of bacterial endocarditis, with small in- 
farcts in 28 of these cases. De Navasquez,” in 1939, reported finding 
emboli microscopically in the small branches of the coronary arteries 
in 16 of 20 cases of bacterial endocarditis. Saphir, Katz, and Gore,”* 
in 1950, reviewed 76 cases of subacute bacterial endocarditis and re- 
ported that the microscopic sections in 36 of these showed small areas 
of ischemic necrosis in the myocardium. Of these, 17 also showed 
embolic material in the small coronary divisions. 

Saphir,* in 1946, reported a “granulomatous” lesion in the myo- 
cardium of 4 patients previously treated for bacterial endocarditis. 
This was described as having a calcific center with a surrounding cel- 
lular reaction of lymphocytes and giant cells of foreign body type. 
Perry, Fleming, and Edwards," in 1952, reported a similar lesion in 
one treated case of bacterial endocarditis. In their series of 52 cases, 
microscopic sections revealed emboli in the small branches of the coro- 
nary arteries in 20 cases. 

Cates and Christie*® (1951), in reporting the results of penicillin 
therapy in bacterial endocarditis, discussed 442 cases. Of these, 164 
were diagnosed during life as having major arterial embolism, of 
which 8 were believed to have coronary emboli. Of the total number 
of patients, 195 died as a result of the disease, and 89 were necropsied. 
Of these, 12 (13 per cent) had macroscopic evidence of coronary 
embolism. 

The pertinent findings concerning these reports are summarized in 
Table I. Certain overlapping of figures is almost inevitable because of 
sparcity of details in some reports, but it may be seen from Table I 
that of all cases of coronary embolism reviewed, including both large 
and small branches of the coronary arteries, 155 cases (80 per cent) 
have been associated with bacterial endocarditis. It may also be noted 
that, in relation to the total cases of bacterial endocarditis studied 
with respect to the occurrence of coronary emboli, these have been 
detected in slightly less than 40 per cent of the cases. 

If one limits the reported cases to those of bacterial endocarditis 
in which detailed studies of the myocardium were carried out 
(Saphir,**""*:"* de Navasquez,'* and Perry’®) 183 cases fall into this 
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category. Of these, the most frequently reported lesion bas been that 
described as the miliary infarct. It occurred in 111 cases (60 per cent), 
while small emboli were detected in 72 cases (slightly less than 40 
MATERIALS 

The materials used in this study consisted of the hearts from g suc- 
cessive cases of bacterial endocarditis which were seen in the Univer- 
sity of Minnesota Department of Pathology between October, 1951, 
and July, 1952. The study was directed toward the gross and micro- 
scopic demonstration of emboli within the large and small branches 
of the coronary arteries. In this paper small refers to the direct epi- 
cardial branches of the coronary arteries and not to the very small 
intramural branches. No particular effort was made to demonstrate 
emboli within the latter. 


Tasre I 
Summary of Reviewed Cases 
Infarcts Emboli 
Author Year Cases | Large | Small | Large | Small |Arteritis 

Gallavardin and Dufourt! 1913 I I I 
Coombs? 1922 20 I 3 3 
Saphir*4 1933 14 a 14 
Hamman and Rich® 1933 2 I I 
Hoseason*® 1935 I I 
Saphir! 1935 35 28 I 18 II 
de Navasquez!2 1939 20 I I 16 9 
Garvin and Work® 1939 3 3 
Hammanf!? 1941 40 6 I 18 20 
Parks? 1942 I I 
Saphir!4 1946 4 4 
Latscha e¢ al.? 1949 2 I 2 
Moragues et al.8 1950 I I I 
Saphir et 1950 76 36 17 
Cates and Christie!® 1951 89 10 12 
Perry et al.35 1952 52 47 21 4 
Totals 

A. All above 361 24 | 114 55 | 100 29 

B. Endocarditis, omitting repetitions and | 316 13. | 113 45 80 29 

statistic analyses 


* Historical review of incidence of coronary embolism without specific references to 
gross or microscopic changes in myocardium except in Saphir’s own cases. 

+ General review of causes of coronary embolism without reference to myocardial 
changes. Source of two emboli not mentioned. 
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METHOops oF STUDY 


Following the removal and opening of the heart at necropsy, the 
entire specimen was fixed in 10 per cent formalin. The coronary arter- 
ies were then cut transversely at a distance of not more than 3 mm. 
between sections with a sharp knife. This procedure frequently re- 
quired from 1% to 2 hours for a single specimen. After gross section- 
ing and selection of those vessels which appeared to be occluded, the 
resulting blocks were embedded in paraffin, sectioned serially at 7 p, 
and every fifth section mounted. At the same time, routine blocks were 
cut from the myocardium and the involved valves, the former consist- 
ing of from three to five blocks from different areas depending on the 
gross appearance. All sections were stained with hematoxylin and 
eosin and, in addition, certain sections of the valves and vessels were 
stained by the Gram-Weigert method. 


OBSERVATIONS 


The pertinent gross findings in my cases are summarized in Table II. 
Of particular interest are the facts that in all but one case (no. 4) 
there were multiple areas of scarring in the myocardium and, in one 
case (no. 8) there were multiple areas of recent infarctions 3 to 4 cm. in 
diameter. Two (cases 1 and 2) showed also hard, calcific masses in the 
myocardium; these will be discussed with the histologic findings. As 
may be noted in Table II, emboli were detected in 7 cases, and in 4 
(cases 1, 4, 6, and 8) multiple occlusions were noted. 

Microscopically, the sections of myocardium showed definite alter- 
ations in every case. Areas of ischemic necrosis were noted in all but 
one (no. 4) and these showed varying degrees of resolution and re- 
placement fibrosis (Fig. 1). These changes were particularly promi- 
nent and variable in those cases in which multiple emboli were detected 
grossly and in one additional case (no. 5) in which multiple emboli 
were noted within the intramural branches of the coronary arteries 
(Fig. 2). In 3 cases multiple abscesses were noted in the myocardium 
(nos. 4, 8, and 9g). Areas of recent necrosis of muscle fibers, associated 
with granulocytic and mononuclear cellular infiltration, were noted in 
4 cases. No particular attempt was made to determine the presence of 
Aschoff bodies in the myocardium and consequently small perivascular 
areas of scarring were not given special emphasis. 

In 2 cases, as noted previously (nos. 1 and 2), calcific densities, or 
granulomas as they have been called by other writers, were noted 
within the myocardium. In one (case 2) this lesion was rather large 
and was located near the endocardial surface. Its exact relationship 
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to a vessel could not be determined and there was little cellular reac- 
tion about the calcium (Fig. 3). By the Gram-Weigert method of 
staining, bacteria were noted in clumps about the periphery of this 
lesion. In the other case, however, it was possible to demonstrate the 
relationship of the calcium to a vessel by serial sections, and particles 
of this material were found in the lumen of the vessel as well as in an 
extravascular location within the myocardium. In this lesion bacteria 
were present in large numbers and there was a marked cellular reac- 
tion which consisted of neutrophils, lymphocytes, plasma cells, and a 
few multinucleated giant cells (Figs. 4 and 5). 

In another case (no. 9) a large subendocardial lesion was noted 
which bore no demonstrable direct relationship to a vessel. This lesion 
consisted of an area of muscle destruction associated with a marked 


Taste II 
Gross Pathologic Findings 
Weight Valvular 
Case | Age Sex | of heart involvement Myocardium Emboli Other 
yrs. gm. 
I 16 M goo Mitral, Large areas + Rheumatic mitral and 
aortic of scarring aortic valves 
2 37 M 700 Pulmonary, | Small scars + Rheumatic pulmonary, 
aortic, mitral, aortic valves; 
mitral interventricular 
septal defect 
3 26 F 350 Mitral, Petechiae, _ Mild rheumatic mitral 
aortic large areas and aortic valves 
of scarring 
4 56 M 460 Mitral Perforated, + Valves not grossly 
no gross rheumatic 
areas of 
fibrosis 
5 32 F 275 Aortic Large scars + Mild rheumatic mitral 
and aortic valves, 
gastric carcinoma 
6 54 F 420 Aortic Small scars + Valves not grossly 
rheumatic, pan- 
creatic carcinoma 
7 25 F 440 Mitral, Petechiae, _ Mild rheumatic mitral 
perforated large scars valve 
leaflet 
8 50 M 740 Aortic Petechiae, + Valves not grossly 
fresh areas rheumatic, _ 
of portal cirrhosis 
infarction 
9 60 F 354 Mitral Multiple + Valves not grossly 
small, f rheumatic 
infarcts 


- 
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cellular reaction of neutrophils and lymphocytes. There also appeared 
to be early calcium deposition in the lesion, although specific stains 
were not carried out. It would seem, from the appearance of this lesion 
and that first described, that both were the result of healing of large 
abscesses within the myocardium, although the smaller lesion observed 
in case 1 appeared to be directly related to previous closure of a vessel 
with a calcific embolus. In each of these 3 cases penicillin had been 
employed in treatment of the disease. 


TasLe III 
Microscopic Findings 
Infarcts Emboli 
Case lomas Recent Old Large Small | Calcific | Bland Septic | Bacteria | Arteritis 
+] +] + 
+] +} - 4 - 
3} tt} 
- | - | +] + 
+] 4) - 
6/- + 4 - 
7} | +] +t] - - 
s | - + | +4] + 
4) - 
Totals |2+, 7—|6+, 3—|8+, 1—|6+, 3—|8+, 1—|3+, 6—|4+, 5—|3+, 6—|3+, 6—|3 +, 6— 


Microscopically, none of the vessels showed any significant degree 
of atherosclerosis, and a study of serial sections of the vessels showed 
them to contain material which was similar to that on the valve. These 
emboli were designated as being bland or septic, although it must be 
admitted that the distinction in some cases was more or less arbitrary 
and was dependent on which particular section one chose and the 
manner in which the vessel was sectioned. In 3 of the cases bacteria 
were noted within the emboli. These were in large clumps in 2 in- 
stances (Figs. 6 and 7). 

In one case (no. 4), in which ACTH and cortisone were given during 
the course of the disease, the emboli were septic and there was a pro- 
nounced arteritis with partial necrosis of the vessel wall. In 2 other 
cases varying degrees of arteritis were noted and in case 8 it was 
particularly striking, with almost complete necrosis of a portion of the 
media (Fig. 7). In case 9, in which a single injection of ACTH was 
given, the emboli were bland and there was no evidence of arteritis. 
In this particular case the emboli were noted to contain rather large 
masses of calcium surrounded by thrombotic material (Fig. 8). 
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In many instances sections revealed what appeared to be a sudden 
distention of the lumen of the vessel when the largest diameter of the 
embolus was reached, and this was particularly noticeable when the 
embolus lodged near a bifurcation of the vessel. It was noted that 
embolic material stopped rather sharply at the point of division, not 
extending down into the junctional vessel for any appreciable distance. 

In 3 cases (nos. 1, 5, and 6) there was evidence of organization of 
the emboli and in case 1, in particular, there was a marked degree of 


Taste IV 
Clinical Summary 4 
Case Diagnosis History Electrocardiograms| Blood culture Drugs received Death 
I Rheumatic Rheumatic Tachycardia, | Sterile Penicillin Sudden ai 
heart disease,| fever auricular fi- Digitoxin 
bacterial brillation, 
endocarditis right and left 
ventricular 
strain 
2 | Congenital Rheumatic None None Penicillin Sudden 
heart disease,| fever Digitoxin 
mitral 
stenosis 
3* | Rheumatic Rheumatic Prolonged P-R} Streptococcus | Penicillin Progressive 
heart disease,| fever depression fecalis X2 Aureomycin 
bacterial ST, 1 & 2; Terramycin 
endocarditis V,4&6 
4 | Pemphigus, None Coagulase- (ACTH) Sudden 
bacterial positive Penicillin 
endocarditis staphylococ- | Streptomycin 
cus Dicumerol 
5s | Undetermined | 13 mos. None None No specific Sudden 
post-partum therapy 
6 | Diabetes, Diabetes and | Abnormal, None No specific Progressive 
portal hypertension | no specific T therapy 
cirrhosis for 2 yrs. wave changes 
7* | Rheumatic Rheumatic Left ventricu- | Staph. aureus | Penicillin Sudden 
heart disease,| fever lar strain Streptomycin 
bacterial Aureomycin 
endocarditis Bacitracin 
Digitoxin 
8 | Portal A-V dissoc., | Speciesof _| Penicillin Progressive 
cirrhosis, premature staphylococci] Streptomycin 
bacterial ventricular Aureomycin 
endocarditis contraction Digitalis 
9 | Bacterial Posterior Hemolytic Penicillin Progressive 
endocarditis infarction staph., Aureomycin 
coagulase- Streptomycin 
positive Terramycin 
(ACTH , 
25 mg.) 


* Emboli not detected. 
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organization with no evidence of intimal atherosclerosis; and with a 
normal appearing media beyond the limits of the embolus. Cross sec- 
tions of a similar vessel showed that organization was progressing from 
all portions of the intima in contrast to the manner of organization of 
a thrombus associated with atherosclerosis. 

Table III summarizes the salient histologic findings in these cases. 

The clinical histories and diagnoses are summarized in Table IV. 
It is of interest that in almost 50 per cent of the cases there was 
historical evidence of previous rheumatic heart disease. As may be 
noted, 7 of the patients received penicillin and 5 of these received one 
or more other antibiotic drugs. Also, 4 patients showed clinical evi- 
dence of cardiac decompensation and were digitalized. 

No correlation could be noted between the occurrence of bland or 
septic emboli in regard to treatment, although in one case (no. 4) 
which has been referred to previously, in which ACTH and cortisone 
were given, the emboli were septic and were associated with pro- 
nounced arteritis. In this particular case the inflammatory reaction 
apparently progressed rapidly, with myocardial perforation and cardiac 
tamponade. 

There were no constant changes in the electrocardiograms which 
would lead one to suspect that occlusion of a branch of a coronary 
artery had occurred, only one case (no. 9) demonstrating changes 
suggestive of infarction. 

In 5 cases death appeared to be of a sudden nature, and in one 
(case 5) in particular, sudden death was the basis for a post-mortem 
examination. 

SUMMARY AND CONCLUSIONS 

Nine cases of bacterial endocarditis which have been studied from 
the standpoint of coronary embolism are reported. In 7, emboli were 
demonstrated grossly in the epicardial branches of the coronary arter- 
ies, and in 4 of these multiple occlusions were noted. Gross changes 
were noted in the myocardium in all cases. These consisted of petechial 
hemorrhages, scarring, areas of recent infarction, and perforation of 
the myocardium. The finding of scars and recent infarcts stands in 
direct contrast to most reported observations. Two cases had the cal- 
cific masses in the myocardium which have been called granulomas by 
other writers. 

Microscopically, in 5 cases emboli were noted in the intramural 
branches of the coronary arteries in addition to those described grossly, 
and small and large areas of ischemic necrosis were noted in all but 
one case. The latter finding is in accord with most reported cases, but 
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contrasts sharply with the report of Coombs?” who stated that he exam- 
ined 274 sections from the left ventricle in a single case of bacterial 
endocarditis and found only 20 small areas of fibrosis; and with de 
Navasquez,’* who found only one infarct in a series of 20 cases in 
which he reported detailed histologic alterations in the myocardium. 
It is believed that coronary embolization in bacterial endocarditis is 
a common occurrence, and indeed, probably one of the more common 
complications of the disease. As to the various theories concerning the 
improbability of embolism in these vessels, it seems more reasonable to 
conclude that the location of the arteries, the mechanics of blood flow 
past them, and the manner of opening of the aortic valve cusps aptly 
predispose them to embolization in this condition or in any other in 
which small particles are free in the blood stream emitted from the 


left ventricle. 
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LEGENDS FOR FIGURES 
All sections were stained with hematoxylin and eosin, unless otherwise specified. 


Fic. 1. Case 5. Large area of ischemic necrosis of the myocardium subsequent to 
occlusion of a branch of the coronary arteries by an embolus. Small islands of 
muscle tissue in immediate relationship to intramural branches have survived. 
X 65. 


.2. Case 5. An embolus within an intramural branch of the coronary arteries. 
This case demonstrated multiple gross occlusions of the epicardial branches as 
well as showing intramural emboli microscopically. X 150. 


.3. Case 2. “Granulomatous” lesion located near the endocardial surface and 
consisting of a calcific center with little surrounding cellular reaction. Bacteria 
were demonstrated at the periphery of this lesion by the Gram-Weigert stain. 


.4. Case1. Similar, smaller type of “granuloma” in direct relationship to a 
vessel and showing pronounced cellular reaction with multinucleate giant cells. 
X 33. 
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Fic. 5. Case 1. Higher magnification of an area from the previous lesion stained by 
the Gram-Weigert method, and showing large clumps of bacteria. X 250. 


Fic. 6. Case 5. Bland embolus within an epicardial branch of the coronary arteries. 
The vessel shows no microscopic evidence of intimal thickening. X 33. 


Fic. 7. Case 8. Septic embolus within the lumen of an epicardial coronary artery. 
There are large clumps of bacteria within the embolus, and there is pronounced 
arteritis with partial necrosis of the media. 33. 


Fic. 8. Case 9. Embolus containing particles of calcium within an epicardial coro- 
nary artery. X 33. 
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MINUTE PERIPHERAL PULMONARY TUMORS 
OBSERVATIONS ON THEIR HISTOGENESIS * 


Joun T. Prior, M.D. 


(From the Department of Pathology, State University of New York, College of 
Medicine, Syracuse, N.Y.) 


Although the classification of pulmonary neoplasms on a histologic 
basis seldom presents difficulty, there have been several reported ex- 
amples of cellular proliferation of an unusual type concerning which 
there is considerable difference of opinion. In a survey of the litera- 
ture up to 1952, Jones and I’ were able to find 11 cases and added 8 
examples from our necropsy and surgical material. Characteristically, 
these tumors have been accidental microscopic discoveries and usually 
were too minute to be perceived with the naked eye. The patients have 
succumbed from a wide variety of diseases and bronchiectasis has been 
present in about one half the recorded cases. The majority of these 
tumors have been in women and the average age at the time of dis- 
covery was 57 years. The youngest case was a 30-year-old woman with 
bronchiectasis’ and the oldest recorded case was a 95-year-old woman 
in whom encephalomalacia was the cause of death.? The tumor foci 
generally are subpleural and show no preference for either lung or any 
particular lobe. The growth pattern is characterized both by circum- 
scribed epithelial nests embedded in a dense fibromuscular stroma and 
by small intrabronchiolar polypoid masses. Within the dense connec- 
tive tissue the individual cell nests tend to occur in spaces, the latter 
being interpreted as lymphatic channels by some, and by others as 
artificial due to shrinkage during fixation and embedding. The multi- 
centric nature of the tumor, usually involving only one lobe, been 
stressed by nearly all who have studied it. The individual cells are 
round or spindle-shaped with vesicular nuclei and scant cytoplasm. 
There is minimal anisocytosis and poikilocytosis, and nucleoli and 
mitotic figures have rarely been seen. 

The majority of those who have described these tumors believed 
that they represent an early stage of oat cell carcinoma.**7 Womack 
and Graham* reported 3 cases in association with what they considered 
congenital cystic disease of the lung. They believed these overgrowths 
to be metaplastic, and because of their local situation did not feel justi- 
fied in considering them malignant from a clinical standpoint. Jones 

* Received for publication, December 30, 1952. 


Presented at the Fiftieth Annual Meeting of the American Association of Pathologists 
and Bacteriologists, St. Louis, April 4, 1953. 
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and I' presented evidence to show that these tumors are relatively 
benign and histologically most closely resemble the structure seen in 
the carcinoid type of bronchial adenoma. We pointed out that if these 
minute tumors were incipient bronchogenic carcinomas, they should 
follow the same trends in regard to age and sex distribution, location, 
microscopic appearance, and metastatic tendencies. Comparison with 
a series of 39 necropsied bronchogenic carcinomas failed to show sig- 
nificant correlative data. 

Twelve additional examples of this tumor have been encountered 
in our necropsy and surgical specimens (Table I). It is the purpose 
of this report to present these cases briefly, to re-affirm the previous 
impression of their relative benignancy, and to suggest a cell of origin 
for this atypical cellular proliferation. 


REPORT OF CASES 
Case 1 


C. F. (A-46-129), a 71-year-old woman who had a known cardiac 
condition, was admitted to the hospital with a 2-day history of sub- 
sternal pain and died 6 days after admission. Significant gross findings 
at necropsy were severe atherosclerosis of the coronary artery and a 
recent myocardial infarction. The lungs revealed bilateral apical fibro- 
sis and calcification, and some edema. Microscopic examination dis- 
closed eight discrete nests of tumor within the dense fibrous tissue 
surrounding one of the apical hyalinized and calcified areas. Bron- 
chiectasis was not present. 

Case 2 

J. McV. (CIH A-51-41) was a man, 61 years old, who died fol- 
lowing rupture of a myocardial infarction of 13 days’ duration. Sig- 
nificant gross necropsy observations were hemopericardium, recent 
myocardial infarction, and thrombosis of the coronary artery. The 
lungs were not unusual other than for some atelectasis in the posterior 
aspect of both lower lobes. Microscopically, six intrabronchiolar poly- 
poid masses of tumor were noted in one of the atelectatic lower lobes. 
Although this tumor formation was localized to a single small area, it 
appeared to affect separate bronchioles. The tumor was adjacent to 
the pleural surface. 

Case 3 

S. P. (CTH A-51—94) was a 67-year-old woman who died as a result 
of an extensive cerebral hemorrhage. Necropsy revealed destruction 
of the left cerebral hemisphere. The lungs were not unusual grossly. 
Microscopically, two foci of tumor were found (Figs. 1 and 2), one 
within a bronchiole and the other adjacent to it. The tumor was adja- 
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cent to the pleura and the surrounding parenchyma was atelectatic. 
The anatomical location of the tumor could not be determined. 


Case 4 


T. R. (St.J. 51-646) was a man, 45 years old. Because of bronchi- 
ectasis of many years’ duration, stated to have had its onset following 
whooping cough in childhood, the right middle and lower lobes were 
removed. The bronchi were dilated and contained some mucoid fluid. 
The pleura was very thick. Microscopic sections revealed marked 
bronchiectasis and much parenchymal fibrosis. Within the fibrous tis- 
sue adjacent to a diseased bronchiole five nests of tumor were identi- 
fied. The hilar lymph nodes were not received with the specimen. This 
patient is alive and well 1 year after the operation. 


Case 5 


T. W. (51-2099), a 37-year-old man with a history of chronic pro- 
ductive cough for many years, underwent a left lower lobectomy and 
a lingulectomy for bronchiectasis. Examination of the gross specimen 
disclosed dilatation and thickening of the bronchioles, with their distal 
portions taking on a sac-like appearance, each measuring over 1 cm. 
in diameter. Scattered emphysema and atelectasis were noted and one 
small anthracotic hilar lymph node was found. Microscopic examina- 
tion of the specimen showed severe bronchiectasis and in one section 
there were about twenty-five circumscribed nests of tumor in some 
dense fibrous tissue adjacent to a small bronchiole. The lymph node 
showed no tumor and the relation of the tumor to the pleural surface 
could not be determined. This patient is alive and well 1 year after 
the operation. 

B. R. (A-51-243), a diabetic woman, 77 years old, was admitted 
to the hospital with substernal pain of several hours’ duration. The 
patient remained in shock and died 24 hours following admission. Sig- 
nificant gross necropsy findings were severe atherosclerosis of the 
coronary artery and a recent myocardial infarct. The lungs were well 
aerated with the exception of the right lower lobe which was congested 
and beefy red. Many large anthracotic hilar lymph nodes were noted. 
Microscopic examination of the lungs disclosed a small subpleural 
focus composed of fifteen nests of tumor cells located in some dense 
fibrous tissue adjacent to a small bronchiole. The surrounding pulmo- 
nary parenchyma showed no evidence of disease. The hilar lymph 
nodes were the site of old healed tuberculosis and moderate anthra- 
cosis. 
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Case 7 


W. F. (A-51-274) was a 62-year-old man who died as a result of 
massive gastrointestinal hemorrhage from a carcinoma of the terminal 
ileum. At necropsy, metastatic lesions were found in the cecum, liver, 
adrenal glands, and in the right kidney. The lungs showed some con- 
gestion and there was a calcified area in the apex of the right lung. 
Calcified hilar lymph nodes were present also. Microscopic examina- 
tion revealed some fifty foci of tumor, having no resemblance to the 
intestinal carcinoma, scattered throughout the area of nonspecific 
fibrosis in the right apex. Some dilated bronchioles were noted in this 
area but the remaining pulmonary parenchyma was not unusual. The 
hilar lymph nodes showed evidence of old tuberculosis and consider- 
able anthracosis. 

Case 8 

G. F. (CIH A-s52-23), a woman, 73 years old, died as a result of 
severe cardiac failure and pneumonia of the left lower lobe. Gross 
necropsy findings disclosed chronic rheumatic disease of the mitral 
and aortic valves and pneumonia of the left lower lobe. Five large 
nests of tumor were noted in some dense fibrous tissue within other- 
wise normal parenchyma. The tumor was adjacent to the pleura but 
its exact anatomical location could not be determined. 


Case 9 


M. P. (A—52—106), an 80-year-old woman, died following an intra- 
cerebral hemorrhage. Significant necropsy findings were an extensive 
cerebral hemorrhage and Paget’s disease of bone. Grossly, the lungs 
were not unusual and no hilar lymphadenopathy was present. Micro- 
scopic examination of the lungs disclosed three small foci of intra- 
bronchiolar tumor, located adjacent to the pleural surface. The 
surrounding pulmonary parenchyma was not unusual. 


Case 10 


F. B. (CIH A-52-39) was a woman, 52 years old; known to be 
diabetic and in a pre-uremic state, who died as a result of myocardial 
infarction. Significant necropsy findings were a recent myocardial 
infarct and evidence of diabetic glomerulosclerosis. Grossly, the lungs 
were not unusual other than for some congestion. Microscopically, 
they revealed a solitary, encapsulated mass of tumor. The capsule was 
thin and consisted of dense fibrous tissue. The relationship of the 
tumor to the pleura could not be determined. Nothing unusual was 
noted in other sections from the lung. 
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Case 11 


G. S. (A-52-152), a 75-year-old woman, entered the hospital com- 
plaining of progressive lassitude and weakness of 1 year’s duration. 
The patient developed anuria after admission and at the time of death 
was considered to be in uremia on a renal basis. Necropsy findings 
included fibrinous pericarditis and perisplenitis, and the kidneys were 
believed to show evidence of acute and chronic pyelonephritis. Micro- 
scopic examination disclosed that the patient had periarteritis nodosa 
with extensive lesions in nearly every organ. Grossly, the lungs were 
characterized by apical fibrosis and in the left lower lobe there were 
several cystic spaces containing gray putty-like material. Adjacent to 
these cysts there were several firm nodules measuring about 0.2 cm. 
in diameter (Figs. 3 and 4). Microscopic study of the lungs disclosed 
the cysts to be enormously dilated bronchioles, and tumor was located 
both within the adjacent fibrous tissue nodules and within the dilated 
bronchioles (Figs. 5, 6, 7, and 8). The hilar lymph nodes showed evi- 
dence of old tuberculosis. 

Case 12 * 

M. A. (LAS-804) was a man, 66 years old, who had had a roent- 
genogram taken during a mass chest X-ray survey. This had demon- 
strated small nodules and fibrous streaks in the left upper lobe close 
to the interlobar septum. Smears stained according to the Papanico- 
laou technique disclosed “suspicious looking cells” in both the sputum 
and the bronchial specimens. After 30 minutes of surgical exploration 
the only abnormality found was a small indurated area in the left 
upper lobe close to the pleura. This was resected by removing a wedge- 
shaped-specimen, and a frozen section at the time was reported as 
nonmalignant. About one hundred rather large foci of tumor were 
scattered throughout some dense fibrous tissue in which much anthra- 
cotic pigmentation and calcification could be recognized. Intrabronchi- 
olar lesions were seen very seldom. Dr. Goldman stated that the 
patient is alive and well 8 months following operation and that roent- 
genograms of the chest at that time showed no change.® 


DIscussIONn 


I have been impressed by the similarity, both clinically and histo- 
logically, between these minute pulmonary neoplasms and the tumor 
occurring in larger bronchi known as bronchial adenomas of the carci- 
noid type. Circumscribed nests of epithelial cells of uniform pattern 
tending to lie in spaces with little evidence of mitotic activity are 


* Reported through the courtesy of Dr. Alfred Goldman of Beverly Hills, California. 
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characteristics common to both of these tumors. Seventy per cent of 
the reported cases up to the present series in which sex data were 
available have occurred in women. Seven of the 12 cases which have 
been described were in women, so that of a total of 32 recorded exam- 
ples of this tumor, 21 have been in women (65.6 per cent). The sex 
incidence of these tumors is emphasized because it contrasts so sharply 
with the generally accepted 85 per cent incidence in the male of pulmo- 
nary carcinoma. 

Although the malignant potentialities of the adenomas of large 
bronchi are universally appreciated, these minute tumors which I have 
studied have failed to show evidence of metastasis. Hilar nodes have 
not been examined in all of my cases, but in those which I have studied, 
no tumor was present. I am following 5 cases at present in which the 
tumor had been removed surgically. In all but one the tumor was an 
accidental finding, with bronchiectasis being the indication for opera- 
tion. All of these individuals are alive and well with no roentgeno- 
graphic evidence of recurrence. The follow-up period in these 5 cases 
ranges from 8 months to nearly 3 years. The only recorded instance of 
one of these minute tumors which has metastasized is the case de- 
scribed by Spain and Parsonnet.* The patient was a 95-year-old 
woman who died of generalized cerebral arteriosclerosis with encepha- 
lomalacia. At necropsy multiple foci of “bronchiolargenic carcinoma” 
were found in the lungs. A hilar node also contained atypical cells 
similar to some of the cells comprising the bronchiolar tumor. While 
the author’s photomicrographs reveal considerable tumor identical 
with the 12 cases reported herein, there are, however, foci of cells hav- 
ing totally different cytologic characteristics and these were called 
“squamous-like” by Spain and Parsonnet. No tendency for squamous 
metaplasia has been noted in the 20 cases studied at this center, so 
that one must at least consider the possibility of a squamous cell carci- 
noma being present in this one case which has shown involvement of 
the hilar nodes. 

The peculiar and characteristic intramural bronchial growth seen in 
adenomas of large bronchi is responsible for the popular concept that 
the cell of origin of bronchial adenomas must be derived from ele- 
ments either of the bronchial duct or of the mucous and serous 
glands. Hamperl’® described a peculiar cell which he has termed an 
“onkocyte,” characterized by an acidophilic granular cytoplasm and 
located among both mucous and serous glands. He noted such cells 
within bronchial adenomas of the carcinoid type, and Stout™ later 
confirmed this finding and considered it possible that the “onkocyte” 
might be the stem cell of origin for the bronchial adenoma. In this 
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connection, I have observed cells which correspond with the descrip- 
tion of “onkocytes” in only one of 20 cases of these minute pulmonary 
tumors (Fig. 9). However, I have been impressed by tumor growth 
of the intrabronchiolar type which has been present in well over one 
half of my cases (Figs. 5 to 8). These intrabronchiolar growths ap- 
peared as either plateau-like elevations or as nodular tongue-like pro- 
trusions (Figs. 5 and 10). The tumors occupied up to one fourth the 
bronchial circumference and in some instances continuity has been 
demonstrated by serial section technique between the intrabronchi- 
olar lesions and the tumor in the adjacent connective tissue (Fig. 7). 
The individual cells comprising the tumor masses are generally round, 
with vesicular nuclei and sparse cytoplasm, and show very little vari- 
ation in size and shape (Fig. 11). Nucleoli are seldom seen and inter- 
cellular bridges are absent. The intrabronchiolar lesions are relatively 
avascular while capillaries are frequently noted within the extrabron- 
chiolar growths. Cellular polarity is uniform, with the long axis of the 
cell lying perpendicular to the bronchiolar lumen. The only exception 
to this is noted in the most peripheral layers of cells adjacent to the 
lumen of the bronchiole which rather commonly exhibit compression 
and distortion. No differences in cellular pattern have been observed 
between the intra- and extra-bronchiolar cellular proliferations. Within 
the bronchioles, the transition from normal ciliated bronchiolar epithe- 
lium to tumor is very abrupt, and in studying the sections the resem- 
blance of the tumor cells to the basal and intermediate cells of the 
normal bronchus is striking (Fig. 12). 

Miller,’ in describing the histology of the normal bronchiole, stated 
that the basal cells, the deepest row of cells situated just above the 
basement membrane, have round or elongated nuclei, sometimes ar- 
ranged parallel to the basement membrane on which the cells rest. 
Dividing nuclei seldom are seen normally. The intermediate cells form 
a second layer and have various shapes due to pressure exerted by 
adjoining cells. They are, in general, spindle-shaped and often extend 
from the basement membrane to the epithelial surface. The basal cells 
are presumed to give origin to the intermediate cells and they in turn 
are the precursors of both the goblet and the ciliated cells. The occur- 
rence of mitotic figures in the normal tracheobronchial epithelium is 
noted rarely so that epithelial regeneration is considered very inactive. 
If one contrasts the round and spindle-shaped cells from a nest of one 
of these minute tumors (Fig. 11) with the cells from a normal bronchi- 
ole (Fig. 12), the striking similarity of cellular structure is apparent, 
and it is of additional interest that mitotic activity within the tumor 
cells is most unusual. 
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Dr. Fred W. Stewart** reviewed the sections from one of my cases 
and stated that he gained a rather definite impression of bronchial 
adenoma structure, and that other points suggested similarity to pre- 
vious tumors described as bronchogenic carcinoma in situ.*’> The 
latter were located in main bronchi and the microscopic pattern was 
characterized by varying degrees of atypism of the metaplastic epithe- 
lium, hyperchromasia, dyskeratosis, multinucleation, acanthosis, loss 
of polarity, and numerous mitotic figures. Study of the photomicro- 
graphs of these bronchial tumors leaves little doubt that they are true 
squamous cell carcinoma in situ, bearing little resemblance to the uni- 
form basal cell-like type of hyperplasia herein described. Finally, all 
of my cases have shown some evidence of extrabronchiolar tumor, so 
that they cannot be considered to be retained by an intact basement 
membrane and thus by definition would be beyond the bounds of an 
in situ lesion. 

Some characteristics of these minute pulmonary tumors have sug- 
gested a similarity to spontaneous*®*** and induced pulmonary tumors 
in mice.***° The induced tumors are considered to be morphologically 
identical with the pulmonary tumors of spontaneous origin except for 
their frequency and multiplicity." Features common to the tumors 
reported and the neoplasms in mice are their subpleural location, multi- 
centric origin, absence of mitosis, increased incidence in older age 
groups, and rare evidence of necrosis and retrogressive changes. Histo- 
logically, however, the tumors in mice are chiefly “papillary cyst- 
adenomas’’*® and consist of cuboidal or columnar epithelium arranged 
upon irregular folds of supporting tissue; and they may be either 
compact or cystic, infiltrative or sharply limited. Although the terminal 
bronchiole very frequently shares in the proliferative process, the 
origin of these tumors in mice is uncertain. 


CoNCLUSION 


The clinical and pathologic aspects of 12 additional cases of an un- 
usual type of peripherally located pulmonary neoplasm have been 
reported. Particular emphasis is placed upon the growth pattern of 
intrabronchiolar type. Evidence has been presented to suggest that 
these cellular growths may originate from the epithelium of the termi- 
nal bronchiole. The benign nature of this tumor is re-affirmed. 
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LEGENDS FOR FIGURES 


1. Case 3. Intrabronchiolar and extrabronchiolar tumor nests. The abrupt 
transition from normal bronchiolar to tumor epithelium is apparent. X 193. 


2. Case 3. High-power magnification of the inferior portion of the intra- 
bronchiolar lesion illustrated in Figure 1. X 540. 


3. Case 1r. Several white nodular areas of tumor can be seen in the left half 
of the specimen and additional tumor is adjacent to the left margin of the cyst 
walls. X 5.8. 
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Fic. 4. Case1r. A large area of tumor occupies the extreme right margin of the 
specimen and tumor is also present about the walls of the two cysts in the right 
half of the illustration. X 5.9. 


Fic. 5. Case 11. The plateau type of intrabronchiolar growth is apparent. X 195. 


Fic. 6. Case 11. High-power magnification of the inferior portion of Figure 5, 
showing cell detail and transition from normal to tumor-containing areas. X 550. 
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Fic. 7. Case 11. Extensive intrabronchiolar growth contiguous with an extrabron- 
chiolar lesion. X 200. 


Fic. 8. Case 11. High-power magnification showing the apex of the polypoid area 


shown in Figure 7. X 560. 


Fic. 9. The swollen granular character of the ‘‘onkocyte-like” cells present in the 
left half of the illustration is obvious. The cytoplasm of these cells is acidophilic. 
X 170. 
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Fic. 10. Tongue-like intrabronchiolar lesion with adjacent fibrosis and chronic in- 
flammatory cell reaction. 190. 


Fic. 11. High-power magnification of a nest of tumor cells from case 11. The round 
cells have vesicular nuclei and show little variation in size and shape. X 810. 


Fic. 12. Normal bronchiole showing cell detail within the basal and intermediate 
zones. X 810. 
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THE OCCURRENCE OF PLASMA CELLS AFTER IONIZING 
IRRADIATION IN DOGS * 


FrepericK J. M.D., and WALTER W. JeTTER, M.D. 


(From the Department of Legal Medicine, Boston University School of Medicine, 
Boston 18, Mass.) 


Histopathologic examination in dogs subjected to whole body 
x-irradiation} regularly has shown replacement of lymphocytes in 
lymphoid tissue by cells of a type that meets some or all of the morpho- 
logic criteria of the plasma cell. The appearance of plasma cells in 
hemopoietic organs of humans has been mentioned by Ross? (after 
the presence for 3 years of a radium needle in the interventricular 
septum of the heart) and by Liebow, Warren, and De Coursey” in 
atomic energy casualties. It has also been described in animals by 
Thomas and Bruner* (chronic radium poisoning in rats), by De 
Bruyn* (lymph nodes), and by Murray® (spleen). To the best of our 
knowledge a systematic investigation has not been made previously. 


METHOD 


Healthy dewormed dogs of the beagle type were divided into three 
groups, as follows: 

I. “High dose” animals given doses varying from 250 to 400 r. 
(24 dogs) 
II. “Low dose” dogs given exposures from 100 to 150 r. (10 dogs) 

III. Unirradiated controls (17 dogs) 

A 2-million-volt Van de Graaff x-ray generator at the Massachusetts 
Institute of Technology, with 12.5 mm. Cu h.v.]. was used as a source 
of radiation. The animals were irradiated bilaterally (whole body ir- 
radiation to 2 dogs at a time) at a distance of 3 meters from the target 
to the midline of the animal. The average dose rate at the animal 
midline was about 12 r. per minute. 

Seventeen of the 24 “high dose” dogs (group I) died. All of the 
“low dose” dogs (group II) survived. The surviving dogs in both 
groups were sacrificed between the 30th and 4oth post-radiation days 
except one group II dog that was sacrificed 6 months after exposure. 

Necropsies on dogs which died were usually performed within a 2 to 
3 hour post-mortem period or less. Tissues were fixed in Zenker’s 
formol solution and 10 per cent neutralized formalin. The routine 

* Received for publication, January 15, 1953. 

+ Done under AEC Contract AT (30-1) 1201—The Effect of X-Irradiation on 
Physical Endurance and Psychological Performance in Dogs. 
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stain used was hematoxylin and eosin, plus such other stains as seemed 
to be indicated including phloxine and methylene blue, methyl-green- 
pyronine, and stains for reticulum and hemosiderin. 


RESULTS 


Incidence of plasma cells in each of the three groups was recorded 
by a scale of —, +, +, and +~++ in the following structures: lymph 
nodes, spleen, tonsils, intestine, and bone marrow, as shown in Tables 
I and II. Any method of recording this type of observation obviously 
is a compromise. Thus, the bone marrow in fatal cases may be devoid 
of all cellular elements except the type cell, which, in absolute num- 
bers, might be relatively small. Another point to be mentioned is the 
very dense lymphocytic peripheral layer of lymph follicles in normal 
dogs as compared to the loose pattern of depleted lymphoid tissue in 
the x-irradiated animal. In the normal dog a few plasma cells may 
escape observation so that possibly some cases which were graded as 
minus might otherwise be placed in a plus-minus category. We believe 
that these potential inadequacies do not modify our results substan- 
tially. 

As mentioned before, the cell we refer to does not always show all 
of the characteristics of the typical plasma cell; Liebow, Warren, and 
De Coursey” have termed it “plasmacytoid.” The nucleus frequently 
is not cartwheel-like, but rather shows dense, evenly distributed chro- 
matin particles or even a completely homogeneous pyknotic aspect. 
However, basophilia of the cytoplasm and the perinuclear halo is al- 
ways outstanding. Similar cells are seen in peripheral blood of dogs 
during the terminal stage of x-irradiation illness. With white blood 
cell counts below 400 per cmm., only a few neutrophils are present. 
The remainder are not readily identifiable. Many resemble the plasma 
cell seen in tissues. 


Lymph Nodes (Table I) 


According to Maximow and Bloom,® plasma cells commonly are 
found in human lymph nodes, especially in medullary cords. Their 
number is subject to marked variations under physiologic, and, to 
even a greater degree, under pathologic, conditions. In some animals, 
such as rats and mice, they may be particularly numerous; however, 
the dog was not mentioned. Our experience is that plasma cells do 
not belong to the constant cellular constituents of lymph nodes in dogs. 
In 32 lymph nodes of 13 nonirradiated dogs we found no plasma cells 
in the cortex. In medullary cords these elements are not obligatory, 
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since 10 of 32 nodes were negative in this respect. In 12, a rare plasma 
cell was found and in only 6 was the incidence higher. But among the 
6 lymph nodes 5 were not normal. One showed in the medullary cords 
and in the sinusoids abundant polymorphonuclear leukocytes besides 
the plasma cells. Thus the latter cells in this case were probably a 
manifestation of an inflammatory reaction the cause of which has not 
been determined. Another lymph node contained some tuberculoid 
granulomas; such lesions in lymph nodes, lungs, and other organs of 


Taste I 
Incidence of “Plasma Cells” in Lymph Nodes 
— 
No. of | nodes Area of 
Group Dosage dogs | studied study _ + + ++ | Total 
Cortex 25 10 6 9 50 
I 250-400 Fr. 24 50 Medulla 
Cortex 18 ° ° 25 
II 100-150 10 25 Medulla - 
Cortex 32 ° ° 32 
Medulla 10 12 I 6 29 


our dogs are not uncommon; they frequently are due to worm-larvae 
infestation. The remaining plasma-cell-positive lymph nodes were 
“hemolymph nodes.” 

It is not appropriate to discuss here the existence of hemolymph 
nodes in the dog. It may suffice to say that in these structures, sinu- 
soids were filled with erythrocytes, erythrophages, and blood-pigment- 
carrying macrophages. Lymph nodes of this type have been found by 
Fahr* in dogs in what he calls the portal ring. Even by macroscopic 
observation they are to be differentiated from other nodes by their 
rusty brown color. Fahr ascribed to them an important part in iron 
metabolism. In contradistinction, mesenteric lymph nodes of the dogs 
are light gray and do not exhibit, in sinusoids, any erythrocytes or 
erythrophages, except for small areas directed towards the liver hilus 
in some lymph nodes attached to the root of the mesentery. The co- 
existence of many plasma cells in these lymph nodes in our material 
probably is not a casual occurrence. Significantly, in animals in which 
only one of several nodes was a “hemolymph node,” this exhibited 
numerous plasma cells which were not found in the others. This ob- 
servation was made also on dogs receiving small amounts of x-irradia- 
tion in whom there were no clinical manifestations of x-ray injury. We 
obviously do not assign a causal relationship to this phenomena but 
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rather prefer to consider them to be two coordinated manifestations of 
a special metabolic function of these lymph nodes. In any case, this 
fact has to be kept in mind in the analysis of the findings in the 
x-irradiated dog. 

In cases of fatal severe radiation injury the major part of the lymph 
node was occupied by extensive hemorrhages. The cortex was reduced 
to scanty and poor reproduction of its usual architecture. No germinal 
centers, not even follicles, were to be found. The diffuse lymphoid tis- 
sue, attached to the capsule, not only was markedly depleted, with a 
rather loose structure, but also was very polymorphous in its cellular 
composition. In addition to degenerating lymphocytes, reticulum cells 
were seen, many in all stages of degeneration. There were also large 
atypical cells, difficult to classify; often these showed pathologic 
mitotic figures. Generally, however, ‘the plasma cell element was 
predominant. These cells showed degenerative changes too, especially 
karyorrhexis. The plasma cells might be phagocytized by reticulum 
cells. In these nodes the medullary cords were reduced in size, al- 
though less so than the cortex. The cytologic picture monotonously 
showed plasma cells. 

In some fatal cases the hemorrhagic process in the lymph nodes was 
less outstanding. There sometimes were more circumscribed extravasa- 
tions of blood in otherwise fairly well preserved cortical lymph folli- 
cles. Even then the marginal and the medullary sinusoids were filled 
with erythrocytes. In such cases there were abundant plasma cells in 
the medullary cords. 

In evaluating results, the occurrence of plasma cells in the medul- 
lary cords of lymph nodes of normal dogs must be considered. The 
data presented indicate, however, that the grade of positive findings 
increases with the x-ray dose. We believe the difference would have 
been even more marked had we sacrificed all dogs within 30 days after 
exposure. 

Our findings show that x-irradiation effects are more frequently ob- 
served in the medulla than in the cortex of lymph nodes. Therefore, 
we assume a more pronounced tendency to production of plasma cells 
in this location. 

Spleen (Table II) 

The occurrence of plasma cells in the pulp of the human spleen is 
a matter of controversy. In the experience of one of us (F.J.W.), 
they are by no means usually present, although it is accepted that 
considerable numbers may be encountered without any obvious cause. 
In contrast we saw in 2 only of 12 untreated dogs a few plasma cells 
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in the pulp, especially in the perifollicular zones. The picture was com- 
pletely different after heavy x-irradiation injury. The malpighian 
bodies were few and small, with a loose arrangement of their cells, and 
among them plasma cells were predominant. Plasma cells were found 
in the pulp also. In 2 cases there was outstanding ectopic hemato- 
poiesis. In such foci, also, plasma cells were found. 


Tonsils (Table II) 


In normal dogs the tonsil rarely contains plasma cells. With severe 
x-irradiation injury, necrotizing tonsillitis was constantly found. In 
such cases lymph follicles were subject to intensive destruction with 
formation of abundant loose chromatin particles. Among the better 


L 
Incidence of “Plasma Cells” in sane ents Intestine, and Bone Marrow 
— Incidence of “plasma cells” as indicated by grading 
Organ Dosage dogs - + + ++ 

250-400 Fr. 20 6 4 2 8 
Spleen 100-150 r. 6 6 ° ° 
° 12 10 2 ° ° 
250-400 Fr. ° I I 4 

Tonsils 100-150 r. 
° 4 2 2 ° ° 
250-400 r. 19 5 6 2 
Intestines 100-150 r. 7 7 ° ° ° 
° 12 12 ° ° ° 
250-400 r. 13 2 3 3 5 
Bone marrow 100-150 Fr. 4 I 3 ° ° 
° II 5 6 ° ° 


preserved cellular elements plasma cells were predominant, although 
some of them showed varying stages of disintegration. We do not 
know whether this is a primary x-irradiation effect or a process sec- 
ondary to a nonspecific necrotizing process. Probably both factors 


are concerned. : : 
Gastrointestinal Tract 


Intestine (Table II) 


The mucosa of the normal dog’s intestine contains varying amounts 
of small round-cells, among which are some elements resembling plasma 
cells. These are chiefly accumulated in a thin basal layer, adjacent to 
the muscularis mucosae. However, neither the solitary nor the aggre- 
gated lymph follicles in the intestinal wall of our normal cases showed 
any plasma cells. According to De Bruyn,‘ the irradiation effect on 
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lymphoid tissue in the gastrointestinal tract should be identical to that 
on isolated lymph nodes. In our series the pertinent changes were both 
less constant and less pronounced, although similar in kind. Although 
plasma cells were found, in few instances only did they represent the 
predominant cellular constituent. 


Bone Marrow (Table II) 


In most cases marrow was taken from both the sternum and the 
femoral shaft. Many sections from the sternum were technically un- 
satisfactory. Curettings from the femoral shaft provided better visuali- 
zation of cellular elements. Normally in this area there are compact 
islands and some scattered elements of active bone marrow. Plasma 
cells are absent or very rare. With severe x-irradiation injury, both 
sternum and femur were composed largely of fat tissue with or with- 
out extensive hemorrhage. If there existed other cells, these seemed 
to be reticulum cells plus macrophages containing iron pigment, but 
most of the cellular elements present were plasma cells. In dogs sacri- 
ficed more than 1 month after radiation with small doses, the marrow 
might be hyperplastic; in such cases plasma cells were sparse, although 
perhaps a little more numerous than in non-irradiated animals. 


Thymus 


No plasma cells were found in the thymus glands of 3 untreated or 
of 6 x-irradiated dogs. 
CoMMENT 
Plasma cells occasionally are present in hematopoietic organs of 
dogs, chiefly in the medullary cords of lymph nodes. X-irradiation 
results in the appearance of these cells where they did not occur be- 
fore or where they were very scanty. In view of the known immediate 
and prolonged effect of ionizing irradiation upon lymphoid tissue, it is 
difficult to postulate regeneration of plasma cells from hematopoietic 
tissue per se. Generally, it is thought that plasma cells are derived 
from lymphocytes. The acute and prolonged effect of ionizing radiation 
on lymphocytic tissue makes it difficult to reconcile this impression 
with what we have noted. The alternative is that the plasma cell does 
not arise from lymphoblasts and that it is in fact, a derivative of the 
reticulo-endothelial system. We have observed numerous instances in 
which we think such has been the case. 
It is known that in cases of severe radiation injury reticulum cells 
may be the only surviving elements. Our hypothesis is that reticulum 
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is the precursor of the cells we describe although we are fully aware 
of the difficulty in proving this hypothesis. One might even assume 
that with blockage of hematopoietic cells, reticulo-endothelial cells 
have potentially more area for development. 

We cannot offer even a hypothesis as to the pathogenesis and sig- 
nificance of this plasma cell proliferation. In some instances it seems 
to be a manifestation of trivial inflammatory reaction in the face of 
deficiency of the granulocytic system. For example, with tonsillitis of 
human agranulocytosis or aplastic anemia there is a marked predomi- 
nance of plasma cells in the inflammatory infiltrations. But in the 
intestines of our dogs we did not find any conspicuous relationship 
between mucosal necrosis and the appearance of plasma cells in the 
lymph follicles. 

We might assign a réle to products of disintegration from destroyed 
single cells (lymphocytes), but we have no proof for that assumption. 


SUMMARY 


Small numbers of plasma (plasmacytoid) cells may be found in the 
hematopoietic organs of normal dogs. These are more numerous in the 
medullary cords of the lymph nodes and, particularly, in those nodes 
which exhibit the picture of the so-called hemolymph nodes. Without 
exception, the cortex of lymph nodes of the normal dog was found free 
of such cells. After x-irradiation, plasma cells are to be found in con- 
siderable numbers in the spleen, intestinal lymph follicles, tonsils, and 
bone marrow. In lymph nodes both the cortex and medulla may be the 
seat of deposition of these cells, although the medullary cords seem to 
exhibit the proclivity to produce them. No plasma cells were found 
in the thymus in either untreated or radiated dogs. 

The source of the plasma cells in x-irradiated dogs seems to be 
reticulum cells. We cannot comment upon the function of these 
plasmacytoid elements. 
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LEGENDS FOR FIGURES 


1. Mesenteric lymph node from a dog given 300 r. of total body x-irradiation, 
dying on the 18th post-irradiation day. Practically all of the cells in the medul- 
lary cord shown here are of the plasmacytoid type. Hematoxylin and eosin 
stain. X 800. 


2. Plasmacytoid cell in the peripheral blood of a dog given a mid-lethal dose of 
ionizing irradiation. This appears similar to those seen in the tissues. There is 
a perinuclear clear zone; however, the nucleus does not show a cartwheel ar- 
rangement of the chromatin. This cell is rarely if ever seen in the peripheral 
blood of the normal dog. After x-irradiation, it usually appears before clinical 
manifestations develop. In the late stages, it is very common. Wright’s stain. 
X 3,200. 


3. A hemolymph node in an unirradiated control dog. There are erythrophages 
in the sinusoids. Of note is the mixture of lymphocytes and plasmacytoid cells. 
In the normal dog, it is extremely rare to find the plasmacytoid cell except in the 
hemolymph node. Hematoxylin and eosin stain. X 600. 
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HUMAN INFESTATION WITH FASCIOLA GIGANTICA * 


Grant N. STEMMERMANN, M.D. 
(From the Laboratory, Hilo Memorial Hospital, Hilo, Hawaii) 

Single cases of human infestation with the liver fluke, Fasciola 
gigantica, have been reported from Indo-China, Central Asia, and 
Africa." Alicata* recently reviewed 18 cases of Fasciola infestation that 
had been reported in the Territory of Hawaii and decided that prob- 
ably all of them had been due to this species. This fluke is closely 
related to Fasciola hepatica, both organisms being naturally parasitic 
in cattle, sheep, and swine. The available clinical information from 11 
of Alicata’s cases, plus 3 additional cases noted by me, are included in 
Table I. The remainder of Alicata’s cases have been omitted because 
of lack of clinical detail. The detailed histories of 5 cases, including 2 
cases cited by Alicata, are included in this study. Since Alicata’s cases 
occurred over a period of 50 years and since they were reported from 
more than one island in the well populated Hawaiian group, it would 
seem that the disease does not have a high incidence in endemic areas. 
The present study, however, reveals that the disease occurs in an abor- 
tive form, and that it is probably more frequent than the above figures 
Lire CycLe AND MorPHOLoGy 

Alicata,?* in a series of papers upon F. gigantica, reviewed the avail- 
able information relating to geographic distribution, the hosts, and the 
morphology of the parasite. He also reported his observations upon 
flukes within the Hawaiian environment. He noted that almost all 
flukes found in cattle in this region are F. gigantica. Review of the 
flukes from human cases in his paper revealed that all were F. gigantica, 
although some had previously been labeled F. hepatica. The following 
data are derived from these sources: 

1. The Egg. Inaseries of measurements of 100 eggs recovered from 
cattle, the eggs varied from 156 to 197 pw in length and go to 104 p in 
diameter. They are light golden brown, and oval to elliptical. They 
develop rapidly in tap water at room temperature and hatch after 14 
days. It is of interest that only one of the adult flukes recovered from 
human cases contained eggs. It is possible that since man is not a 
natural host to this parasite, egg formation is suppressed. This finding 
is of importance, since it means that a search for eggs in the stool has 
little practical value in establishing a diagnosis. 


* Received for publication, January 19, 1953. 
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2. The Miracidium. The newly hatched miracidia of F. gigantica 
are similar in structure to other fascioloid miracidia. Copper sulfate 
in dilutions of 1:120,000 and water of slight salinity is not lethal to 
these organisms. 

3. Developmental Stages in Intermediate Host. In Hawaii the in- 
termediate host is the snail, Fossaria ollula (Fig. 1). After penetration 
the miracidia are transformed into sporocysts which enclose mother 
redia. 

a. Mother Redia. Mother rediae escape from the sporocyst. Fully 
developed, they measure 2.05 mm. in length by 250 » in width and 
contain daughter rediae. 

b. Daughter Redia. Daughter rediae resemble mother rediae. Fully 
matured, they contain motile cercariae and may measure 4.5 mm. long 
and 450 p wide. 

4. Cercariae. Cercariae may emerge from the snail 39 days after 
infection. They are actively motile and encyst on vegetation near the 
level of the water. 

5. Metacercariae. Metacercariae, or fluke cysts, have a hard outer 
cyst wall and an elastic inner wall. They measure approximately 238 
to 268 » in diameter. Under favorable conditions these cysts are in- 
fective after 122 days. 

6. Maturation in the Final Host. Maturity as indicated by the 
recovery of eggs from feces is reached as early as 77 days after in- 
fection. 

The route taken by the fluke in reaching the bile ducts of the final 
host is not definitely established. Most investigations into this phase 
of the parasitic life cycle have been done with F. hepatica. In view 
of their similarity, it is probable that a similar route is used by both 
species. Ssinitzin® found the larval flukes of F. hepatica in the peri- 
toneal cavity of rabbits experimentally infected with encysted cer- 
cariae. This work was confirmed by Shirai.® Shaw‘ injected larval 
flukes directly into the peritoneal cavity of rabbits, guinea-pigs, and 
lambs. Young flukes were later recovered from the liver. Krull and 
Jackson * confirmed Shaw’s work and further demonstrated that fluke 
larvae implanted in the thoracic cavity also found their way to the 
liver. These authors believed that infection via the peritoneal cavity is 
the principal, if not the sole, route. Necropsy of animals a few days 
after experimental infection with F. hepatica revealed the presence of 
entrance sites on the capsular surface of the liver. It is believed that 
after perforation the fluke larvae migrate inward until they reach a 
bile duct. Once this is entered they migrate downward to the larger 
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ducts in the region of the porta hepatis. The mature fluke, F. gigantica 
(Fig. 2), may be distinguished from F. hepatica on the basis of size 
and shape. F. hepatica is leaf-like and reaches a maximum length of 
3.0 cm. The ova range from 130 to 150 p» by 63 to 90 p. F. gigantica 
is usually more elongate than F. hepatica and reaches a maximum 
length of 5.0 cm. 

In order to trace the development of the granulomatous lesions 
caused by the migrating flukes, I infected 6 guinea-pigs with encysted 
cercariae. These animals were chosen because they are not normal 
hosts to the parasite. The fluke does not reach maturity in the guinea- 
pig, nor does it produce eggs. Each animal was fed blades of grass, to 
which were attached 15 to 20 cysts. Four animals were sacrificed on 
the 2nd, 5th, roth, and 2oth days after ingestion. Two other animals 
were followed until they died on the 58th and 72nd days. 

At necropsy the gross appearance of the livers was similar to that 
reported by other authors. The earliest gross lesions were noted on the 
second day, at which time subcapsular burrows could be seen. These 
burrows measured approximately 1 mm. in diameter. They pursued a 
serpiginous course and measured approximately 1 cm. in length. They 
were sharply defined and somewhat depressed from the adjacent intact 
parenchyma. These yellow zones became more numerous and larger 
at later stages of infection (Fig. 3). Examination of the livers of the 
animals that survived until the 72nd day revealed broad, poorly de- 
fined, yellow areas. The largest of these involved entire hepatic lobes. 
Individual subcapsular tracks were noted in which there was central 
softening and liquefaction. It was believed that the necrotic areas 
were of sufficient extent to account for the deaths of the last 2 animals 
in this series. 

Microscopic examination of the hepatic lesions revealed the mode of 
development of the grossly visible lesions. In the earliest phase of 
infection the migrating larva was found within the hepatic parenchyma 
(Fig. 4). It was bordered by well stained cord cells, and there was 
little cellular reaction adjacent to the parasite. In the next phase a 
broad band of parenchyma adjacent to the parasite appeared con- 
gested, with the central veins and the hepatic sinusoids greatly dis- 
tended. Occasional focal collections of neutrophils were noted within 
the sinusoids at this time. Areas of necrosis appeared next. The out- 
lines of the liver lobules were well defined. The cord cells took a pale 
pink stain, and their nuclei were shrunken and dark staining. Occa- 
sional neutrophils were found along the intact sinusoids. Areas of this 
type were noted as early as the second day after infection. Collections 
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of serum containing neutrophils, eosinophils, and nuclear fragments 
then appeared in the central portions of the necrotic zones. Dense col- 
lections of eosinophils, histiocytes, and neutrophils were present in the 
intact liver parenchyma bordering the zone of necrosis. These cellular 
aggregates were most numerous in the portal regions. Portal veins in 
the central portions of the necrotic areas contained plugs of fibrin and 
neutrophils. These clots extended into segments of the vessels which 
traversed adjacent areas of viable parenchyma. In some areas there 
was extensive tissue liquefaction in the central aspects of the necrotic 
zones. This liquefaction was well established by the 2oth day after 
infection. Wherever flukes were noted during the early periods after in- 
fection, the liver parenchyma adjacent to them appeared to be intact. 
Step and serial sections of the necrotic zones failed to reveal the pres- 
ence of larvae. From this it may be inferred that the parasite elabo- 
rates a toxic substance which causes coagulation necrosis at some 
distance from its outer surface. Infarction due to obstruction of the 
portal venules may also contribute to the development of necrosis. 
Migrating parasites were not noted within either the biliary duct sys- 
tem or the portal venous system, but appeared to be making their way 
through lobular tissue. 

An indication that necrosis during early phases of migration is due 
to the elaboration of an exogenous toxin rather than sensitivity to the 
foreign protein of the degenerating body of the fluke was furnished by 
another experiment. One gram of dried, powdered fluke antigen was 
placed in the soft tissues of the back of another guinea-pig. Two 
months later this animal was fed infected grass. It was sacrificed 30 
days later. The resulting hepatic lesions were identical in appearance 
and extent to those noted in the non-sensitized animals. 

The histologic appearance of the livers removed from the animals 
which died on the 58th and 72nd days was similar to that noted at 
earlier stages, except that the areas of necrosis were of greater extent 
and early reparative changes could be found. Some of the zones of 
necrosis were surrounded by well defined vascular granulation tissue 
containing many histiocytes, plump fibroblasts, and eosinophils. The 
periportal connective tissue was greatly increased in some areas. In 
this connective tissue there were many eosinophils, monocytes, and 
plump fibroblasts. The biliary channels were more numerous, and 
small tufts of regenerating hepatic cord cells were noted within some 
portal areas. Thrombi of portal veins similar to those noted in the 
earlier cases also were found, but the thrombi were noted in vessels of 
larger caliber. In one animal these thrombi reached the porta hepatis. 
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Dense collections of extravasated red blood cells were found within the 
central portions of the necrotic areas. The capsular surfaces were 
covered by a thick layer of fibrin, neutrophils, and nuclear débris. 


EPIDEMIOLOGY OF HUMAN INFECTION 


Alicata* searched the Hawaiian records for cases of fluke infesta- 
tion and was able to discover 18 cases, of which 17 had been confirmed 
by recovery of flukes from the infected patients. I have seen 3 addi- 
tional cases, bringing the total to 21. Table I gives the clinical data in 
14 of these cases, the remainder of Alicata’s cases having inadequate 
histories. The detailed histories of the 5 cases seen by me (cases ro to 
14, Table I) are included in this study. 

Most cases occur among patients who have eaten uncooked water- 
cress derived from endemic areas, although one of Alicata’s? cases 
probably was derived from contaminated water. Since the number of 
human cases is proportional to the degree of infestation in cattle 
ranging in areas where watercress is grown, a short summary of this 
facet of the problem follows. 

The islands of the Hawaiian group represent the summits of a 2,000- 
mile range of volcanic mountains. They have a mild and uniform cli- 
mate because of their position in the midst of a large body of water 
and because they are in the path of the northeast trade winds. These 
winds cause a heavy rainfall on the windward slopes of the islands. 
Where drainage is poor, extensive swamps and bogs occur. The poorly 
drained lowlands and the mild climate make this region suitable for 
snail production the year round and increase the longevity of fluke 
cysts on vegetation. These areas have a rich vegetation, and cattle are 
permitted to graze continually in infected areas. 

All of these conditions are met in and about the city of Hilo which 
is situated on the windward slopes of the island of Hawaii. Many 
cattle graze in the hills overlooking the city. The grazing areas receive 
an annual rainfall of 200 inches. Eighty per cent of the cattle in this 
area are fluke-infested. The sluggish streams draining into this region 
are also favored by growers of watercress. One such patch was found 
to be heavily infested with snails (F. ollula) of which 5 per cent were 
infected. It is estimated that this one patch furnished the Hilo market 
with 35 pounds of watercress each day.® 

In view of the fact that cattle are permitted to range in the same 
drainage areas used for the production of watercress, it is less sur- 
prising that human infection occurs, and it is remarkable that such a 
small number of human cases have been discovered. It seems likely 
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* Observed by the author and described in this study. 
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that man is not a natural host to F. gigantica and that abortive infes- 
tations may occur. This supposition is based upon the observation 
that most flukes derived from human beings are not fertile. For this 
reason, studies of the feces for ova and parasites are not likely to be 
of value and only symptomatic cases would be discovered. 


REPORT OF CASES 
Case 10 


J. M., a girl of Portuguese ancestry, was first seen in 1941, at 16 years of age. She 
complained of severe frontal headache, sweating, vomiting, and constipation. She 
had a daily spiking fever from 99° to 104° F. Physical examination revealed an 
icteric tint to the sclerae. The smooth, tender liver was felt 2 fingerbreadths below 
the costal margin. All other physical findings were essentially normal. Laboratory 
reports at this time revealed a white blood cell count of 11,000 (neutrophils, 59 per 
cent; staff cells, 10 per cent; juveniles, 6 per cent; lymphocytes, 21 per cent; eosino- 
phils, 4 per cent). Urinalysis, stool examination, blood culture, and febrile aggluti- 
nation were negative. After 4 days the fever and symptoms subsided, and she was 
discharged after 1 week. 

She was readmitted 4 days later with the same complaints. She had fever of 
103° F. on the first 2 days. The following changes were noted: (1) Jaundice had 
disappeared. (2) Eosinophils now were 10 per cent of the total white blood cell count. 
(3) The liver was no longer palpable nor tender. Her symptoms again receded and 
she was discharged on the fifth hospital day. 

Four days after discharge she again entered the hospital. Her symptoms were 
now limited to a spiking fever which reached 104° to 105° F. every 5 to 7 days. Each 
febrile episode was associated with nausea, vomiting, and headache. The liver was 
not enlarged nor tender, and jaundice was not noted. Eosinophils fluctuated from 
8 to 20 per cent. Roentgenograms of the chest were negative for pulmonary or cardiac 
disease. She remained hospitalized for 3 months. During the last 2 weeks she was 
symptom-free and was discharged apparently well. 

The patient remained in good health for 4 years. In March of 1946 she suffered 
for 2 weeks from constipation, wave-like epigastric pain, nausea, and vomiting. Her 
temperature was normal. Roentgenograms of the chest revealed no evidence of 
pulmonary or cardiac disease. However, a recent review of the films taken at that 
time revealed an opaque, 2 cm. density in the region of the right lobe of the liver. 
The liver was not palpable, nor was there abdominal tenderness. Without therapy 
the patient spontaneously improved and was well for 7 days. She was then admitted 
to the hospital because of epigastric pain radiating to the back, nausea, and vomiting. 
Temperature was 103.2° F. She had a slight cough. Crepitant rales were noted in 
the midscapular area bilaterally. The epigastrium was tender to palpation. Urin- 
alysis was negative; red blood cells, 3.8 millions; hemoglobin, 67 per cent; white 
blood cells, 13,300 (neutrophils, 72 per cent; lymphocytes, 11 per cent; eosinophils, 
3 per cent; staff cells, 14 per cent). On the second hospital day she coughed up an 
intact fluke (F. gigantica). The symptoms receded abruptly. However, on the fifth 
hospital day eosinophils rose to 42 per cent and on the eighth day reached 60 per 
cent. No ova were noted in the stool at this time. She was discharged apparently 
well on the 16th hospital day. 

Until 1950 she continued to have occasional sudden attacks of epigastric pain and 
fever which lasted from 2 to 5 days. Subsequently she has been well. Roentgeno- 
grams of the liver taken in 1952 in the anteroposterior and lateral planes revealed 
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a lobulated, opaque density, 4 cm. in diameter, in the right lobe of the liver (Fig. 6). 
This was more prominent than in 1946. A skin test with F. gigantica antigen in 1952 
was negative. 


Summary. A young woman suffered from periodic attacks of severe 
epigastric pain, fever, nausea, and vomiting over a period of 8 years. 
This was associated with eosinophilia. Each attack seemed self-lim- 
ited, and in one of these the patient coughed up or vomited a mature 
fluke (F. gigantica). A calcified area developed in her liver which 
probably represented a healed granuloma similar to that noted in other 
cases in this report. The episodic nature of this patient’s illness is 
typical of that noted in all cases which I have seen. A skin test with 
F. gigantica antigen was negative. 


Case 11 


Y. N., a 51-year-old woman of Japanese ancestry, was first seen by a physician in 
1941, when she complained that for 3 months she had had epigastric pain which 
radiated to the left lower quadrant. She also complained of anorexia, flatulence, and 
weight loss. A week before, the patient’s daughter died of “‘liver trouble” in another 
hospital. Since no necropsy was performed, the exact cause of death was not known. 
She was admitted to the hospital for observation. Her temperature was 101° F.; 
pulse, 140; respirations, 30. The abdomen was distended. The left rectus muscle was 
rigid. The left upper quadrant gave a sense of resistance, suggestive of either an 
enlarged left lobe of the liver or an enlarged spleen. All other physical findings were 
within normal limits. Laboratory findings were as follows: red blood cells, 3.64 
millions; hemoglobin, 11 gm.; white blood cells, 14,300 (neutrophils, 51 per cent; 
eosinophils, 24 per cent; lymphocytes, 21 per cent; monocytes, 4 per cent). The 
urine was amber, slightly cloudy, and slightly acid; specific gravity was 1.017; no 
sugar or albumin, no casts or crystals, occasional epithelial cells. Serologic test for 
syphilis was negative. The feces were negative for ova and parasites on one occasion. 
Roentgenograms of the chest were negative. Examination of the urinary tract with 
contrast media failed to show any evidence of disease. 


A laparotomy was performed. Dense adhesions were found along 
the sigmoid colon. The omentum and transverse colon were fixed to the 
left lobe of the liver. The surfaces of both hepatic lobes were studded 
with round, white nodules. The gallbladder and external biliary tree 
were normal. Culture of the nodules showed no growth. Biopsy of the 
liver revealed the presence of numerous, oval, necrotic areas (Figs. 
7 and 8). The outlines of the original hepatic architecture could no 
longer be defined in these zones. Present within the necrotic areas 
were numerous hexagonal crystals and double-pointed needle crystals 
(Charcot-Leyden crystals) which were brightly stained by the Ziehl- 
Neelsen and Gram techniques. The necrotic tissue was surrounded by 
vascular granulation tissue containing many neutrophils and eosino- 
philic granulocytes, plasma cells, plump fibroblasts, histiocytes, and 
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giant cells. Stains of these zones for acid-fast bacilli were negative. 
Some of these necrotic zones spanned several hepatic lobules. The 
hepatic architecture of the uninvolved portions was well maintained. 
The portal connective tissue was scanty, and the biliary ducts were 
empty. The postoperative course was smooth, and the patient was 
unexpectedly relieved of her pain. She was discharged 2 weeks after 
operation. 


In 1942, 1945, and 1947 this patient had three admissions for other conditions. 
On none of these occasions was there blood eosinophilia. Between 1947 and Novem- 
ber, 1951, she suffered from periodic attacks of upper abdominal pain, for which she 
did not go to a physician. On November 26, 1951, she developed a severe, left upper 
quadrant, abdominal pain. She began to vomit, at first producing recognizable food 
particles and later a grayish fluid. She vomited ten times prior to admission. She 
also had several loose, sticky, black stools. Physical examination revealed a well 
developed, somewhat obese woman, lying on her back. She was moaning and gasp- 
ing. Pulse and blood pressure were imperceptible, and the fingers were cold and 
clammy. Except for the scars of previous operations and a slight icteric tinge to the 
sclerae, the physical findings were limited to the abdomen. The latter was greatly 
distended so that palpation of the liver and spleen was not possible. There was in- 
creased tone of the musculature of the abdominal wall. The left upper quadrant was 
tender. Laboratory findings were as follows: The urine was yellow, slightly cloudy 
and acid; specific gravity, 1.014; albumin, 4 plus; sugar, negative. There were 3 to 5 
white blood cells per high-power field, 6 to 8 waxy casts, o to 1 hyaline cast, and 1 
to 3 fine granular casts per high-power field. The urine was indican-positive. Upon 
examination of the blood the red blood cells were 3.82 millions; white blood cells, 
7,600 (neutrophils, 95 per cent, of which there were 14 per cent staff and 5 per cent 
juvenile cells; lymphocytes, 4 per cent; eosinophils, 1 per cent); hematocrit, 41; 
specific gravity of the blood was less than 1.054; non-protein nitrogen, 82 mg. per 
cent; icterus index, 18. A flat plate of the abdomen revealed the loops of the small 
bowel to be widely dilated. 

Despite transfusion the patient never recovered from shock and died 6 hours 
after admission. 


At necropsy there was a slight icteric tint to the skin and sclerae. 
The left breast was absent (radical mastectomy). No gross or micro- 
scopic evidence of residual or metastatic mammary carcinoma was 
noted in the region of the left breast, the left axilla, or in any organ 
examined. 

The lungs weighed 500 gm. Both were well aerated, although the 
posterior one third of each lower lobe was dark brown and had a boggy 
consistency. The heart weighed 250 gm. It was without evidence of sig- 
nificant pathologic change. The aorta showed no evidence of pathologic 
change. 

The liver weighed 1400 gm. Its outer surface was smooth, but 
matted adhesive bands bound the superior surface to the overlying 
diaphragm. There were many soft, yellow elevations measuring from 
2 to 3 mm. in diameter over both lobes. On sectioning the liver many 
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pus-filled cavities varying from 3 mm. to 2.5 cm. in diameter were 
noted in both lobes. The smaller cavities had soft, poorly defined, gray 
walls. The larger cavities, which were noted in the right lobe, had 
ragged linings and brownish red walls which varied from 1 to 3 mm. 
in thickness. The intervening parenchyma had a flabby consistency, 
and the liver markings were indistinct. The intrahepatic biliary ducts 
were dilated. The common hepatic duct measured 4.1 cm. in diameter. 
The left hepatic duct measured 2.1 cm. in diameter. Present within 
the right and left hepatic ducts near their entrance into the liver were 
mature liver flukes. There were three flukes at this level. Two other 
flukes were noted within the intrahepatic segments of the right biliary 
duct. These flukes were classified as F. gigantica by Dr. J. E. Alicata. 
They did not contain eggs. The flukes were not attached to the duct 
walls, and within the smaller ducts their flat bodies were rolled upon 
themselves after the fashion of a jelly roll. The ductal linings were 
granular and red. The ductal walls appeared softer than usual. The 
ductus choledochus and the gallbladder were filled with a brownish 
red liquid, and contained no stones. The walls of these structures were 
purple-red and friable. The common bile duct measured 3.5 cm. in 
circumference and had a granular red lining. 

Microscopic examination of the liver revealed both the smaller and 
the larger bile ducts to be filled with neutrophils, fibrin, and nuclear 
débris. The lining epithelium of some ducts was replaced by a vascular 
granulation tissue. The lumina of some ducts communicated with small 
abscess cavities which were filled with necrotic débris, nuclear frag- 
ments, and fibrin. These were bordered by dense collections of neutro- 
phils and fibrin. The periportal connective tissue was extremely 
edematous and contained plasma cells, neutrophils, lymphocytes, and 
histiocytes. The lumina of the portal veins adjacent to the pus-filled 
ducts were occluded by clumps of fibrin and nuclear débris. Large 
areas of the liver had undergone necrosis. The cellular and reticular 
outlines persisted in these zones, and numerous neutrophils were ar- 
ranged along the persisting reticular framework. These necrotic zones 
blended with the abscess cavities previously noted. Sections of the 
fluke-bearing portions of the intrahepatic and extrahepatic biliary tree 
revealed a similar appearance throughout. The ductal walls were greatly 
thickened. The lining epithelium was intact and thrown into folds. 
Numerous coiled and branching sinuses lined by epithelium extended 
from the mucosal surface into the underlying ductal wall. The connec- 
tive tissue beneath and between these tracts was extremely edematous 
and contained large numbers of lymphocytes, plasma cells, and occa- 
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sional bile-laden histiocytes. Present within the outer aspects of the 
ductal wall were small areas of tissue liquefaction containing dense 
collections of neutrophils, plasma cells, and histiocytes. The lumen of 
the portal vein in this region was partially filled with fibrin, red blood 
cells, and nuclear débris. This material was partially surrounded on its 
endothelial aspects by fibroblasts and histiocytes. In the extrahepatic 
segments the periductal adipose tissue was extremely edematous and 
contained focal, perivascular collections of lymphocytes, histiocytes, 
and plasma cells. Sections of the dilated ductus choledochus in its 
most distal segments revealed a similar appearance to that just noted, 
indicating perhaps that at one time flukes had been resident at that 
site. Microscopic examination of a cross section of a fluke within a 
bile duct revealed the presence of oblique, hyaline barbs along the 
body surface (Fig. 9). These cuticular spines did not appear to be 
imbedded within the duct wall. Where they impinged upon the mucosal 
surface, the latter appeared to be pushed downward. 

The pancreas showed no gross evidence of pathologic change. Micro- 
scopic examination of the head of the organ revealed the lobular archi- 
tecture to be preserved. The interlobular connective tissue was 
edematous and contained scattered neutrophils, plasma cells, and 
histiocytes. The tail of the pancreas showed neither gross nor micro- 
scopic evidence of pathologic change. 

The periportal lymph nodes varied from 5 mm. to 1.5 cm. in diam- 
eter. Microscopic examination revealed their stroma to be edematous 
and pale staining. Germinal centers were numerous and sharply de- 
fined. The nodal sinusoids were distended with serum. The spleen 
weighed 100 gm. It showed neither gross nor microscopic evidence of 
pathologic change. The genito-urinary system showed no evidence of 
pertinent pathologic change. 

The esophagus, stomach, and proximal duodenum showed no evi- 
dence of gross or microscopic disease. The distal duodenum and the 
entire small intestine were widely distended with gas and liquid 
intestinal contents. Dense, gray adhesions bound the small bowel loops 
to one another so that they had a plicated appearance. The mucosa of 
the small intestine showed no gross or microscopic evidence of patho- 
logic change. The appendix measured 7 cm. and showed no pathologic 
change. The entire large intestine was distended. Present on the 
mucosal aspect of the descending and sigmoid colon were numerous 
shallow, dark red ulcers which varied from 3 to 5 mm. in length. These 
had a granular red base and ill defined edges. Microscopic examination 
of these ulcers revealed the superficial one third of the mucosa in these 
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areas to be intact but necrotic. This zone of necrosis included the 
lamina propria and was covered by a layer of fibrin and nuclear 
débris. The deeper portions of the crypts were filled with neutrophils, 
fibrin, mucus, and red blood cells. The intact lamina propria was 
edematous and contained numerous neutrophils and histiocytes. The 
muscularis mucosae was intact. The lymphatic channels of the sub- 
mucosa were widely distended with serum. Search for amebae failed 
to reveal these organisms. 

The thyroid, parathyroid, and adrenal glands showed no evidence 
of pertinent pathologic change. 

Permission to examine the head was not obtained. 

Summary. This 51-year-old woman died 10 years after the onset of 
a disease characterized by episodes of intense upper abdominal pain, 
fever, flatulence, and nausea. During the first year of the disease there 
was an associated eosinophilia of 20 per cent. Laparotomy in the first 
year of the disease revealed the presence of granulomata within the 
liver. Death was due to shock and paralytic ileus secondary to diffuse 
suppurative cholangitis and massive necrosis of the liver. Mature 
flukes (F. gigantica) were noted in the bile ducts at death. The 
patient’s daughter died of an obscure liver disease at the time that 
the patient first developed her disease. 


Case 12 


F. P., a 27-year-old housewife of Puerto Rican ancestry, was well until July, 1951, 
when she noticed a lump in the right upper quadrant of the abdominal wall. This 
was associated with marked right upper quadrant pain that radiated to the back. 
The abdominal wall adjacent to the lump was tense and red. The abdominal pain 
was most intense at night, was not associated with meals, and was accompanied by 
profuse sweating. The pain came in waves during which she felt cold. After they 
subsided she had a hot, burning sensation in the epigastrium. She was seen by a 
physician in September. At this time the mass had elongated and reached the right 
iliac crest, to which it appeared fixed. 

Physical examination in November, 1951, revealed a fixed, moderately tender 
mass, 15 by 4 cm., to the right of the umbilicus. A thin cord or band seemed to fix 
it to the region of the right iliac crest. The liver and kidneys could not be palpated. 
There was no rigidity of the abdominal wall or any deep tenderness. All other sys- 
tems were negative to physical examination. 

Laboratory findings were as follows: On October 18, 1951, the specific gravity of 
the urine was 1.011; albumin, 1 plus; sugar, negative; white blood cells were 5 to 10, 
red blood cells, 10 to 15 per high-power field. Examination of the blood revealed red 
blood cells, 3.6 millions; white blood cells, 8,800 (neutrophils, 14 per cent; lympho- 
cytes, 35 per cent; eosinophils, 51 per cent); hemoglobin, 9.2 gm. Icterus index, 1. 
Total serum protein, 8.65 gm. per cent; albumin, 4.29 gm. per cent; globulin, 4.36 
gm. per cent; albumin-globulin ratio was 0.99. A serologic test of the blood 
was negative. On October 22, 1951, examination revealed the red blood cells to be 
3.7 millions; white blood cells, 11,500 (neutrophils, 24 per cent; lymphocytes, 36 
per cent; eosinophils, 38 per cent; basophils, 2 per cent); hemoglobin, 9.5 gm. 
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Roentgenograms of the chest, gallbladder, and gastrointestinal tract were negative. 

The patient was in the hospital for 7 days, during which time she was afebrile, but 
continued to complain of severe upper abdominal pain. She then left against medi- 
cal advice. 

During the succeeding 7 months the abdominal mass gradually moved downward 
and laterally. She was next seen in June, 1952, when it lay over the outer surface of 
the right gluteal region. It measured approximately 10 by 5 cm. It was indurated, 
hot, and tender. At the sites where the mass had previously been felt in the abdomi- 
nal wall, the skin was soft and nontender. There was slight epigastric tenderness. The 
patient complained of epigastric pain. 

Blood studies at this time revealed the red blood cells to be 3.2 millions; white 
blood cells, 10,150 (neutrophils, 18 per cent; eosinophils, 60 per cent; lymphocytes, 
21 per cent; basophils, 1 per cent); hemoglobin, 9.1 gm. 

On the day after admission the mass over the hip was removed. It 
was found to lie in the subcutaneous fat. The excised tissue mass 
measured 6 by 4 by 2 cm. It was composed of fat. Present in the 
central portion of the specimen was a sinus tract which traversed its 
full length. The tract was filled with a soft, reddish brown material. 
It had an extremely ragged periphery. The wall of the tract was firm 
and composed of dense, gray tissue. The tract with its wall measured 
2 cm. in its greatest diameter. 

Microscopic examination of sections of the tract revealed its central 
portions to be composed of necrotic adipose tissue which in some areas 
had undergone further degeneration (Figs. 10, 11, and 12). Dense 
collections of neutrophils, serum, red blood cells, frayed collagen 
fibers, plasma cells, and numerous Charcot-Leyden crystals were noted 
in this tissue. In cross section this necrotic zone had a stellate outline, 
not unlike that seen in the early phases of cat-scratch fever and 
lymphopathia venereum. Bordering the necrotic zone was vascular 
granulation tissue of varying width and composed of histiocytes, 
plasma cells, eosinophils, lymphocytes, fibroblasts, and collagen fibers. 
Present at the junction of the zone of necrosis and the granulation 
tissue were occasional, irregular clumps of hyaline material. Within 
the intact adipose tissue adjacent to the mass were dense collections of 
plasma cells and eosinophils. 

Subsequent to this procedure the patient’s epigastric symptoms have abated some- 
what, although they still persist 1 month after surgery. It is probable that additional 
intra-abdominal granulomata are present. The surgical wound healed per primum. 
A blood study on the tenth postoperative day revealed the red blood cells to be 3.9 
millions; white blood cells, 17,600 (neutrophils, 64 per cent; lymphocytes, 17 per 
cent; eosinophils, 19 per cent); hemoglobin, 11.1 gm. 


This patient was given a skin test with F. gigantica antigen. A strong positive 
result was obtained. 


Summary. This 27-year-old woman suffered from epigastric pain, 
fever, nausea, and a migrating mass for 11 months. This was associated 
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with eosinophilia. Removal of the mass revealed a granuloma similar 
to that noted in the liver of case 10. Skin testing with F. gigantica 


antigen was positive. 
Case 13 


M. Y., a 37-year-old Japanese woman, was seen by a physician in May, 1952, be- 
cause of an attack of intense right upper quadrant pain which radiated to the back. 
She had suffered from intermittent attacks of similar pain for several months. This 
was associated with flatulence and was most intense after the ingestion of fats. At 
times the pain was intense. It was most severe when she coughed. It was associated 
with anorexia and nausea, and radiated to the back. On physical examination there 
was exquisite tenderness in the region of the gallbladder and over the epigastrium. 
There was no splinting of the abdominal wall, and no masses were noted. The patient 
had a temperature of 100° F. Other physical findings were within normal limits. 

Examination of the blood on May 17, 1952, revealed the white blood cell count 
to be 8,900 (neutrophils, 56 per cent; lymphocytes, 26 per cent; eosinophils, 18 per 
cent). On May 28, 1952, the white blood cell count was 12,300 (neutrophils, 31 per 
cent; lymphocytes, 32 per cent; eosinophils, 37 per cent); hemoglobin, 10.4 gm.; 
hematocrit, 36 per cent. Urinalysis was negative. There was good visualization of 
the gallbladder in a roentgenographic series, and there was no evidence of biliary 
concretions. 


Because of the eosinophilia and the clinical appearance, a diagnosis 
of fluke granuloma was made. Laparotomy was performed on June 3, 
1952. The gallbladder and the external biliary tree did not appear 
diseased. Present on the diaphragmatic surface of the liver were sev- 
eral slightly raised, poorly defined, soft areas which varied from gray- 
ish yellow to dark red. They measured approximately 1 cm. in diam- 
eter. Incision of these zones revealed them to be filled with cheesy, 
brown material. A portion of one of these was removed for microscopic 
examination, which revealed a granuloma similar in appearance to that 
found in the liver of case 10. 

Subsequent to operation, examination of the feces by the acid-ether 
and the zinc sulfate concentration methods for eggs was fruitless on 
four occasions. The patient recovered from the operation without ill 
effects. Her course after operation is still marked, after 2 months, by 
paroxysms of right upper quadrant pain which radiates to the back. 
On July 24, 1952, eosinophilia had disappeared. 

Summary. This patient had a typical train of symptoms character- 
ized by intense, intermittent, upper abdominal pain, associated with 
eosinophilia, fever, and nausea. Laparotomy revealed the presence of 
multiple granulomata of the liver histologically similar to those noted 


in cases 10 and 12. 
Case 14 


The patient was a 66-year-old woman of English ancestry who came to her 
physician on July 6, 1952, because of fever, general malaise, and upper abdominal 
pain. These complaints commenced on May 5, 1952. The patient seldom ate water- 
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cress, but she reported that she had eaten some 20 days before the onset of her 
symptoms. The fever was intermittent, associated with profuse sweating, accom- 
panied by nausea, and ranged from 102° to 103° F. Physical examination revealed 
mild tenderness in the epigastrium. There were no other pertinent findings. Laboratory 
studies revealed the following: Urine showed a slight trace of albumin but was other- 
wise normal. The blood on July 7, 1952, showed a white cell count of 7,400 (neu- 
trophils, 40 per cent; lymphocytes, 12 per cent; eosinophils, 48 per cent). On July 
12, 1952, the white blood cells were 11,000 (neutrophils, 18 per cent; lymphocytes, 
26 per cent; monocytes, 2 per cent; eosinophils, 53 per cent; basophils, 1 per cent) ; 
hematocrit, 37; hemoglobin, 10.5 gm. The urine urobilinogen was positive in a 1:10 
dilution, negative in a 1:20 dilution. The direct Van den Bergh test showed negative 
immediate and delayed reactions. The indirect test indicated o.2 mg. per cent of 
bilirubin. Thymol turbidity test gave a value of 3 units; gamma globulin, 7 units; 
and the Eagle test was negative. On three occasions, examination of feces for ova 
and parasites gave negative results. 

Roentgenologic examination of the biliary tree revealed two large nonopaque 
stones with partially calcified centers within the gallbladder. After a fatty meal the 
gallbladder contracted approximately 50 per cent. A gastrointestinal series demon- 
strated no lesions in the stomach or duodenum. 

In view of the intermittent character of the patient’s disease, and because it was 
associated with eosinophilia in the absence of ova or parasites in the feces, it was 
believed that she probably had a fluke granuloma in addition to the demonstrated 
cholelithiasis. An operation was performed on July 18, 1952. 


The gallbladder was found to be filled with faceted, green stones 
which varied from 1.1 to 2.2 cm. in diameter. Its lining was green 
and granular. The wall measured 1 mm. in thickness. Subsequent 
histologic examination of the gallbladder revealed the lining epithelium 
to be intact. The gallbladder wall was thickened by dense, collagenous 
connective tissue which contained dense, perivascular collections of 
lymphocytes. Exploration of the biliary tree revealed it to be patent 
throughout and to contain no parasites. The surface of the liver was 
not unusual. Further search of the upper abdomen for granulomata 
was made. One was found in the tail of the pancreas adjacent to the 
hilus of the spleen and adjacent to the left kidney. This general area 
was firm and surrounded by bands of dense, gray tissue. The mass 
was estimated to measure approximately 5 cm. in diameter. Incision 
revealed it to have a soft, liquid, black center. Microscopic examina- 
tion revealed a granuloma which was histologically identical with that 
noted in the soft tissue in case 12. An imprint of the cut surface of 
the mass revealed many Charcot-Leyden crystals. 


The patient’s postoperative course has been uneventful. She continues to have 
epigastric pain associated with nausea, but there has been no recurrence of fever. 


Summary. This 66-year-old woman was diagnosed preoperatively as 
having fluke granuloma despite the presence of proved chronic chole- 
lithiasis. She had symptoms of fever, malaise, nausea, mild epigastric 
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pain, and eosinophilia. A large granuloma was found in the tail of the 
pancreas. This granuloma was histologically similar to those noted in 
all previous cases. It is probable that the mildness of the patient’s 
pain was due to the retroperitoneal location of the lesion. 


SUMMARY OF CLINICAL FINDINGS 


There appears to be a definite clinical pattern associated with the 
migratory phase of F. gigantica infestation. This pattern consists of 
intermittent bouts of fever and upper abdominal pain, associated with 
eosinophilia. Other factors may be added in individual cases. A re- 
view of the 5 cases in this series and of the cases in Alicata’s study in 
which any clinical details are available reveals the following facts. 

Pain. Pain occurred in 6 of the 8 cases in which information is 
available. It usually was centered in the epigastrium or in the right 
upper quadrant. It was noted in the chest on two occasions. It has 
been noted to radiate to the chest, back, and lower abdominal quad- 
rant. It was described as wave-like, cramp-like, or burning. One 
patient noted that it was most severe when she coughed. This was 
probably due to irritation of the diaphragmatic peritoneum and might 
have been elicited more frequently, had it been searched for. The pain 
often was associated with abdominal tenderness in the region of the 
epigastrium, liver, and gallbladder. It appeared suddenly, lasted for 
a few hours, and disappeared abruptly. Some of the patients asso- 
ciated this pain with ingestion of fatty foods, but this was inconstant. 

Fever. Body temperature noted during the attacks varied from 
100° to 105° F. Chills were not conspicuously associated with this 
fever. The fever had a tendency to subside gradually, returning to 
normal within 24 hours of the end of an attack. The fever and pain 
frequently were associated with profuse sweating. 

Nausea and Vomiting. Four of the 5 patients observed by me were 
subject to nausea or vomiting, or both, during episodes of pain. Flatu- 
lence and anorexia were noted frequently during remissions. 

Jaundice. Grossly visible jaundice was noted in only 2 of these 
cases (10 and 11). In case 10 it was transient and occurred during 
the early phase of the disease. In case 11 it occurred during the 
terminal phase and was associated with obstruction of the biliary tree 
by mature flukes. 

Hemoptysis, weight loss, general malaise, hoarseness secondary to 
recurrent laryngeal nerve palsy, and abdominal distention have been 
noted in individual cases. 

A subcutaneous mass was noted in 5 cases (2, 4, 5, 6, and 12) and 
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in 2 of these (4 and 12) it migrated. In case 5 the mass appeared in 
the neck and was associated with paralysis of the recurrent laryngeal 
nerve. 

Mature flukes were recovered from the upper respiratory system in 
3 cases (1, 5, and 10). The parasite was coughed up twice and sneezed 
out once. It was plucked from the external ear on another occasion 
(case 4). 

LABORATORY FINDINGS 

Blood. Eosinophilia was present at some stage of the disease in all 
5 cases observed by me. It varied from 24 to 60 per cent. In the one 
case in which the hepatobiliary phase was reached (case 11), eosino- 
philia disappeared after the migratory phase was completed. 

There was considerable variation in the respective white blood counts 
of individual patients. During the first attacks the count tended to be 
low, reaching its highest level after several months. This increase in 
white cells could not be accounted for on the basis of increase in eosino- 
phils alone, although this was certainly a contributing factor. For in- 
stance, in case 12 serial counts revealed lymphocytosis and eosinophilia 
(14 per cent neutrophils, 35 per cent lymphocytes, 51 per cent eosino- 
phils) when the white cell count was 8,800 in October, 1951. The next 
count taken 4 days later revealed 11,500 white blood cells (24 per cent 
neutrophils, 36 per cent lymphocytes, 38 per cent eosinophils, 2 per cent 
basophils). A count taken 8 months later revealed 17,000 white blood 
cells (64 per cent neutrophils, 17 per cent lymphocytes, 19 per cent 
eosinophils). Blood studies during the hepatobiliary phase in case 11 
revealed 7,600 white blood cells, of which 95 per cent belonged to the 
neutrophilic granulocyte series. There was a marked shift to the left in 
this case, which was consistent with the clinical state. There was a mild 
secondary anemia in each of the 5 cases of this series. The icterus index 
was elevated during the terminal phase of case 11. A normal icterus 
index was recorded in case 12. A normal van den Bergh reaction was 
noted in case 14. No chemical tests were done in case 10 to gauge the 
type and amount of jaundice present during the initial attacks. 

Urine. There was a slight albuminuria in 2 cases during the migra- 
tory phase, and a high degree of albuminuria in the terminal phase of 
case II. 

Feces. No Fasciola eggs were recovered from the stools of any of 
the patients in my series. However, an intensive search for these eggs 
was carried out only in cases 13 and 14. 

Skin Testing. Dr. J. E. Alicata has prepared a skin testing antigen 
from F. gigantica. At the present time I have used this material in 
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testing a selected group of patients, but the number of cases has been 
insufficient to make a proper evaluation of its reliability. In addition 
we have yet to arrive at the correct testing dosage. This work will be 
reported in greater detail when a sufficient number of cases have been 
tested. Four living members of the family of the patient known as 
case 11 were tested. Only the patient’s father was positive. A strongly 
positive skin test was noted in case 12. A negative test was obtained 
in case 10, the only living patient in this series from whom a fluke was 
recovered and identified. Negative tests were recorded also in cases 
4 and 5. 


SUMMARY AND DISCUSSION OF PATHOLOGIC FINDINGS 
The Granuloma 


The granulomatous lesions are similar in appearance, regardless of 
their site. Recent lesions have a stellate or scalloped outline not unlike 
those noted in lymphopathia venereum. The central portions of the 
granuloma are composed of necrotic material containing cytoplasmic 
and nuclear débris, eosinophilic and neutrophilic granulocytes, and 
Charcot-Leyden crystals. The original tissue architecture is wiped out 
in the central portion of the granuloma. Surrounding the necrotic area 
is a granulation tissue which varies in size and prominence, probably 
with the age of the lesion. There were areas in case 12 in which the 
necrotic subcutaneous tissue blended imperceptibly with the intact 
tissue without any intervening granulation tissue. Where a granula- 
tion tissue exists, it is separated from the necrotic zone by a well 
defined layer of pink, fibrinoid material, within which there are few 
cells. Imbedded within this material are many Charcot-Leyden crys- 
tals and occasional large, pink, hyaline bodies of irregular outline. 
These probably represent remnants of the original collagenous frame- 
work at the site of inflammation. The vascular granulation tissue is 
composed predominantly of fibroblasts, although epithelioid cells, 
eosinophils, plasma cells, and neutrophils are noted also. Giant cells 
of the Langhans or foreign body type are not noted in this tissue. 

The structures beyond the granulation tissue vary in appearance 
according to the age of the lesion. The extent and form of this varia- 
tion are best appreciated in examining the process in the liver. In 
case 13 it was believed that the granuloma was of recent origin. Within 
the contiguous hepatic lobules there were small clusters of cord cells © 
which were widely separated by plump fibroblasts, collagen fibers, 
eosinophils, and plasma cells. Beyond this there was an area in which 
the hepatic cords persisted. In this zone the cords were separated 
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by widely distended sinusoids. The latter were filled with dense collec- 
tions of eosinophils. The periportal connective tissue in this region 
was scanty and contained many eosinophils. The small bile ducts were 
empty. The granuloma in case 11 was considered to be an older lesion 
than that just described. In this case a broad, but poorly defined area, 
composed of dense collagenous connective tissue surrounded the 
granuloma. Small nests of cord cells persisted in this region. The con- 
nective tissue contained only occasional eosinophils, and the fibro- 
blasts were small and widely spaced. In the intact liver parenchyma 
there was less sinusoidal distention. There were no eosinophils within 
these sinusoids or within the periportal connective tissue. The tissue 
changes noted in these human cases were similar to those noted within 
experimentally infected guinea-pigs, except for the added finding of 
Charcot-Leyden crystals in the human lesions. 

These granulomata have not received prominent attention in the 
study of Fasciola infestation. In cases in which F. hepatica has been 
found in aberrant localities, similar lesions have been described. Diss’® 
described a case in which a fluke, identified as F. hepatica on micro- 
scopic section, was surrounded by a granulomatous lesion not unlike 
that which has just been described, although he did not mention Char- 
cot-Leyden crystals. Neghme and Ossandon™ also described a sub- 
cutaneous granuloma which, on histologic examination, contained a 
fluke (F. hepatica), believed to be in an early phase of development. 
Catchpole and Snow” recently described a patient with a migratory 
subcutaneous swelling, which on removal was found to be an abscess 
containing a fluke (F. hepatica). These authors have supplied me with 
a histologic section of the soft tissue adjacent to the fluke. It is iden- 
tical in appearance with the granulomata just described. Many Char- 
cot-Leyden crystals are present in the zone of necrosis adjacent to the 
fluke. Liévre’* is cited by Diss'® as having seen similar cases, but 
Liévre’s article was not available to me. It should be noted that, of 
the 14 cases outlined in Table I, seven of ten flukes were recovered 
from aberrant sites, and two of the seven granulomata occurred in 
such sites. 


Histologic Differential Diagnosis of Granulomatous Lesions 


There are many parasites which may elicit a granulomatous re- 
sponse during migration within a human host. The parasites may be 
naturally parasitic to man or to some other mammal. The human para- 
sites which are most frequently found to cause granulomatous lesions 
are strongyloides, ascaris, schistosomes, and microfilariae. Toxocara 
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canis and catis, canine and feline ascarids, have also been found to 
cause granulomata. Two forms of granulomata may be caused by such 
parasites. The lesions may be small, oval, and discrete, resembling 
miliary tuberculous foci. Lesions of this type are noted in the hyper- 
infective cycle of strongyloidiasis,* schistosomiasis,’* and filariasis.*® 
If central necrosis occurs, it is not very extensive and is not associated 
with tissue liquefaction. The necrotic zone has a pink, fibrinoid ap- 
pearance, and in strongyloidiasis may contain Charcot-Leyden crystals 
(my observation). These foci occur about the disintegrating larvae 
of the parasite, which may be discovered by serial sections of the tis- 
sues.'* Extensive granulation tissue borders the zone of necrosis. This 
contains many epithelioid cells, eosinophils, and giant cells of the 
Langhans type. The granulomata of schistosomiasis surround eggs 
rather than larvae. Each focus is small, bulky granulomata being 
formed by the presence of many eggs.® 

Larger lesions, associated with extensive tissue destruction and 
liquefaction, similar to those in Fasciola infestation may be found in 
ascaris infection.17 Remnants of ascarid larvae and Charcot-Leyden 
crystals may be found within the necrotic tissue. Giant cells of foreign 
body type may surround the larval remnants when they become en- 
veloped by the reparative granulation tissue surrounding the zone of 
necrosis. Beaver et al.'* described hepatic lesions which varied from 5 
to 10 mm. in diameter in cases of infestation with the canine and feline 
ascarids, T. canis and T. catis. In some areas there was total necrosis 
of the normal cellular elements, which were replaced by amorphous 
acidophilic material. In other areas necrotic hepatic cells had been 
almost exclusively replaced by eosinophilic leukocytes and a few 
foreign body giant cells. No Charcot-Leyden crystals were noted in 
this description, but in other respects the lesions seemed similar to 
those noted in F. gigantica infestation. Serial section reconstruction 
of the outline of parasites found within the necrotic areas enabled 
Beaver et al.’® to make a species identification. 

It should be stressed that diagnosis as to the inciting parasite should 
not be made on the basis of a histologic examination of the granuloma 
unless an intact parasite can be demonstrated within the lesion. If 
the granuloma is a very large one, all that may be available for section 
is a portion of its wall. On the basis of the studies of guinea-pigs, 
there is no tissue necrosis adjacent to a migrating fluke, so that sec- 
tions taken of the granulomata have little chance of revealing the 
parasite unless it has died. Even if parasites are found, they may be 
too fragmented to allow a specific diagnosis. Diagnosis must therefore 
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depend upon a combination of clinical, laboratory, and histologic 
Hepatobiliary Disease 

Only one case in this series was studied extensively from the stand- 
point of hepatobiliary disease (case 11). The tissue changes in this 
case were similar to those described in F. hepatica infestation’® and 
may be divided into those caused by the direct action of the fluke 
upon host tissue and those which were secondary to obstruction of the 
biliary tree. The latter changes were more extensive and were the cause 
of the patient’s death. These included diffuse cholangitis with suppu- 
ration and abscess formation and thrombosis of the portal vein. Ab- 
scesses were present within the walls of the ducts adjacent to the fluke 
and were present within the liver itself as a result of extension of the 
suppurative process from the smaller bile ducts. There were, in addi- 
tion, extensive areas of lobular necrosis which probably resulted from 
obstruction of the portal vein. 

The tissue changes immediately adjacent to the parasite were not as 
striking as those noted in the granulomata. The epithelium was, for 
the most part, intact. Epithelium-lined sinuses extended from the 
surface into the deeper tissues. Histiocytes, occasional neutrophils, 
lymphocytes, and plasma cells were noted in the underlying connec- 
tive tissue. The latter was edematous and increased. The difference 
between the tissue reaction noted in the granulomata and adjacent to 
the mature fluke in its proper habitation probably stems from the fact 
that the former occurs during the migrating phase of the disease. Mi- 
gratory flukes are in intimate contact with host tissue. In addition 
they probably elaborate digestive enzymes. If the larvae die, the pro- 
teins and polysaccharides of the disintegrating body must also elicit 
a response from the host tissues. When resident within the bile ducts, 
however, the parasite is separated from the host tissue by a layer of 
epithelium. Miiller’s*® studies (cited by Hoeppli’®) of F. hepatica 
during this phase of its existence probably apply equally to F. gigan- 
tica. He noted that the food of the parasite consisted chiefly of bile 
duct epithelium and leukocytes, but not blood. This separation of the 
parasite and host probably inhibits the development of the tissue re- 
actions noted during earlier phases of infestation. A further indication 
of a barrier between host and parasite is the lack of eosinophilia dur- 
ing the latter stages of the disease (case 11). 


SUMMARY 


Five cases of Fasciola gigantica infestation are reported. This para- 
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site, normally present in cattle and swine, but not in man, is the 
commonest form of Fasciola in Hawaii. 

Infestation is derived from the ingestion of raw watercress grown in 
areas where infected cattle are allowed to range freely. 

Migratory and hepatobiliary phases of the disease occur. The former 
is marked by the production of granulomata, often in aberrant loca- 
tions. In addition, mature flukes may be recovered at aberrant sites. 

The symptoms of the migratory phase are sufficiently typical to 
make possible a clinical diagnosis. They consist of intermittent bouts 
of intense abdominal pain, fever, nausea, and vomiting. These symp- 
toms are associated with profound eosinophilia and may be associated 
with abdominal tenderness. 

The tissue changes during the migratory and end stages of the dis- 
ease are described, and an attempt is made to explain the difference 
in the tissue changes noted during these phases of the disease. 


I wish to thank Dr. J. E. Alicata for his kind advice in the preparation of this 
paper and for the illustrations of the fluke and its intermediate host. Thanks are also 
due Dr. I. L. Tilden for the photomicrographs of the histologic material. 
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LEGENDS FOR FIGURES 


Fic. 1. The snail, Fossaria ollula, which is the intermediate host of Fasciola gigantica 
in the Hawaiian Islands. Natural size. 


Fic. 2. Mature liver fluke, F. gigantica. 


Fic. 3. Gross appearance of the liver of a guinea-pig. 20 days after infection, show- 
ing numerous subcapsular burrows. 


Fic. 4. Migrating liver fluke (F. gigantica) in the liver of a guinea-pig, 20 days after 
infection. Of note is the lack of host tissue destruction or response in the imme- 
diate vicinity of the migrating parasite. Hematoxylin and eosin stain. X 120. 


Fic. 5. Edge of hepatic granuloma of the liver in a guinea-pig, 20 days after infec- 
tion. Of note are the central zone of necrosis, the surrounding granulation tissue. 
and the dense collections of round cells in the adjacent portal connective tissue. 
Hematoxylin and eosin stain. X 120. 
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Fic. 6. Flat film, abdomen (case 10). Calcified hepatic granuloma. Film taken 4 
years after onset of disease and 2 years after cessation of symptoms. 


Fic. 7. Hepatic granuloma, case 11. There is an area of central necrosis with lique- 
faction surrounded by vascular granulation tissue. Hematoxylin and eosin 
stain. X 4o. 


Fic. 8. Hepatic granuloma, case 11. Hematoxylin and eosin stain. X 120. 
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Fic 


FIG. 


FIG. 


Fic. 


.g. Mature fluke in hepatic duct, case rr. Hematoxylin and eosin stain. X 120. 
10. Granuloma, gluteal soft tissue, case 12. Hematoxylin and eosin stain. X 4o. 


11. Granuloma, gluteal soft tissue, case 12. Charcot-Leyden crystals stained by 
the Ziehl-Neelsen stain. 205. 


12. Granuloma, gluteal soft tissue, case 12. Granulation tissue at edge of zone 
of necrosis. X 95. 
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THE EFFECT OF STEROIDS ON FIBROBLAST MIGRATION IN VITRO * 
I. CortIsone, Its INHIBITORY EFFECT 
II. 17-HyDROXYCORTICOSTERONE, Its INHIBITORY EFFECT 


NatHAN KaurMan, M.D., Eart J. Mason, Ph.D.,t and THomas D. Kinney, M.D. 


(From the Departments of Pathology, Cleveland City Hospital and the School of Medicine, 
Western Reserve University, Cleveland, Ohio) 


The purpose of the present experiments was to determine quantita- 
tively the effects of cortisone and 17-hydroxycorticosterone on the 
migration of fibroblasts in vitro. This is the initial report of a series 
of experiments designed to study the action of various steroids on the 
growth of fibroblasts. 

METHOD 

A plasma clot technique was used. The medium consisted of 33 per 
cent chicken plasma, 20 per cent chick embryo extract (EE50), 33 
per cent rabbit serum, and approximately 13 per cent Hanks’ balanced 
salt solution modified so as to contain double the amount of glucose. 
The concentrations of cortisone (free alcohol) and 17-hydroxycorti- 
costerone contained in the clot varied between 5 and 100 yg. per cc. 
and are listed in Tables I, II, and III. The clot was allowed to form 
on the side of a 16 by 150 mm. test tube by the addition of 4 drops of 
the medium. In each tube five explants, 1 mm. square, of 16 to 19 day 
old embryo chick hearts were embedded in the clot along the side of 
the lower one third of the tube. Supernatant fluid was not used, and 
the explants obtained their nutritional requirements from the clot in 
which they were embedded. The pH of the cultures was 7.2 to 7.4. 
The tubes were sealed with rubber stoppers, placed in a stationary 
rack, and incubated at 37.5° C. This method allowed for the examina- 
tion of a large number of explants with a minimum of preparation. 

Migration of the explants was measured 2 and 4 days following im- 
plantation. Since the migration zone was usually irregular, it was 
possible to obtain only an approximate measure of the extent of migra- 
tion. An ocular micrometer and a 28 mm. (3.2 x) objective were 
used to make all measurements. The migration zone was measured in 
two axes, that presenting the longest zone of migration and one per- 
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pendicular to it. A value representing area of migration was obtained 
by multiplying the longest radius with the one at right angles to it. 
This figure represented an approximation of the r? in the formula for 
the area of a circle x r”, the x being omitted, since it is a constant and 
not necessary for comparative figures. The value for the “area” of the 
original explant was obtained in the same manner, and subtracted 
from the value for the final “area.” The difference was considered to 
represent the “area” of migration. In this way the approximate “area” 
of migration at 2 and 4 days was obtained for each explant. It is 
Taste I 


Migration of Fibroblasts Cultured in 100 ug./ml. of Cortisone Compared to Control 
Cultures Containing no Cortisone (Total of 446 Explants) 


Control 100 ug. of cortisone 
Number of 
experiment No. of explants Migration No. of explants Migration 
I 88 100% 31 73% 
2 83 100% 81 62% 
3 79 100% 84 62% 
250 100% 196 66% 


realized that these values are in arbitrary units which represent the 
divisions of a micrometer eyepiece and not absolute values in square 
millimeters, but it was believed that this method was entirely adequate 
for comparative data. In order to make all experiments directly com- 
parable, results are given as percentages of the values obtained for 
control cultures, the controls being represented as 100 per cent growth. 

As a rule, for each run 50 explants were used for each dilution of 
steroid and for controls. Unless otherwise stated, averages did not 
include explants from which no growth appeared. 


RESULTS 


The first experiments were carried out with 100 yg. of cortisone 
per ml. These data are presented in Table I and represent values ob- 
tained from cultures after 2 days’ growth. Using 446 explants in three 
separate experiments it was found that only 66 per cent as much mi- 
gration had occurred in experimental cultures as had occurred in the 
control cultures. 

Having obtained this evidence of inhibition, the next experiments 
were set up with 10, 25, 50, and 100 wg./ml. quantities. The results 
are given in Table II. 

These data compiled from a total of 1,352 explants read after 2 days’ 
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growth show a definite inhibition which increases as the concentration 
of cortisone increases from 10 to 100 wg./ml. If explants from which 
no migration occurred were used in the calculation of averages, the 
degree of inhibition for each increasing dilution was larger. Of the 


Taste II 
Migration of Fibroblasts Cultured in Various Concentrations of Cortisone Compared to 
Control Culture Containing no Cortisone (Total of 1,352 Explants) 


Concentration ° 10 25 5° 100 
in ywg./ml. 
Migration, per cent 100 17 69 62 58 


total explants, 26 in control cultures showed no growth, as compared 
to 72 explants in cultures containing 100 wg./ml. of cortisone. 

The percentage inhibition for all concentrations expressed graphi- 
cally is shown in Text-figure 1. This graph indicates that the inhibition 
is related directly to the cortisone concentration. It may also be noted 
that the greatest relative inhibition is produced at the 10 yg./ml. level, 
although the greatest amount of inhibition occurred at the 100 yg./ml. 
concentration. 
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Text-figure 1. Inhibitory effect of varying concentrations of cortisone and compound F 
on fibroblast migration. 


When the growth at the end of 2 days was subtracted from that 
obtained after 4 days, cortisone of any concentration appeared to 
exert no effect during the latter 2-day period. In an attempt to ex- 
plain the lack of inhibition during this period, that is, between 2 and 


a 
= 
ay 
j 
| 
= 


764 KAUFMAN, MASON, AND KINNEY 


4 days, the stability of the cortisone in the medium at the temperature 
of incubation was investigated. Samples of medium with and without 
100 pg./ml. of cortisone were incubated at 37.5° C. for 4 days prior to 
their use. Explants in medium with 100 pg./ml. of cortisone gave 69 
per cent as much migration as controls, indicating that temperature 
and the medium were without appreciable effect on the stability of the 
steroid. 

The results obtained from five experiments with 17-hydroxycorti- 
costerone, involving 1,126 explants, are listed in Table III. Five 

III 


Migration of Fibroblasts Cultured in Various Concentrations of 17-Hydroxycorticosterone 
Compared to Control Cultures Containing no Steroid (Total of 1126 Explants) 


Concentration ° 5 b te) 25 5° 100 
in pg./ml. 
Migration, per cent 100 79 76 | 66 55 45 


pg./ml. concentrations were included in this series. Here again the 
amount of inhibition was directly related to the concentration of the 
steroid. On the basis of these figures, there was no appreciable differ- 
ence between the two steroids in the lower concentration but the dif- 
ference increased with the increase in concentration (Text-fig. 1). It 
should be noted that 5 »g./ml. quantities of 17-hydroxycorticosterone 
produced the greatest relative inhibition, although the greatest amount 
of inhibition occurred at the 100 y»g./ml. concentration. 


DISCUSSION 


The results of these experiments show unequivocal inhibition by 
both cortisone and 17-hydroxycorticosterone on fibroblast migration 
in tissue culture. However, other workers have tested cortisone with 
results which are contradictory among themselves. Heilman,’ using 
rabbit spleen; Holden, Seegal, and Ryby,? using spleens of mice, rab- 
bits, and guinea-pigs; and Barber and Delaunay,’ using chick hearts 
and guinea-pig spleens, concluded that cortisone exerts an inhibitory 
effect on fibroblasts. Cornman,* using 30 mouse heart fragments; 
Steen,° using heart, lung, and intestines from embryo chicks; and 
Baldridge et al.,° using embryo chick heart and thigh muscles, reported 
cortisone to be inactive against fibroblasts. In no case was there any 
attempt to quantitate the effect. 

Various factors may be responsible for the conflicting results. The 
techniques and methods varied. Some workers used a hanging drop 
technique, while others used a roller tube technique. The media also 
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varied. For example, Steen® used 50 per cent embryo extract, Bald- 
ridge et al.° used 33 per cent embryo extract, and we used 20 per cent 
embryo extract. The number of explants studied varied from a few to 
the 2,924 successful explants in this study. In these experiments corti- 
sone (free alcohol) was used, while Steen® and Baldridge et al.,° who 
reported no inhibition, used cortisone acetate. In preliminary work 
done in this laboratory cortisone acetate had no appreciable effect on 
fibroblast inhibition. This finding is in agreement with experiments 
done by Mancini and Sacerdote de Lustig’ who also found that corti- 
sone acetate did not inhibit fibroblast migration. However, Holden 
et al.” reported inhibition when cortisone acetate was used. 

In order to be certain that the inhibitory effect in these experiments 
was not due to impurities in the cortisone, cortisone which was re- 
crystallized three times was used for a series of experiments and this 
did not result in any change in the inhibitory effect. 

It is of interest that the inhibitory effect of cortisone was not mani- 
fested between the second and fourth days of culture. Since incuba- 
tion of the culture medium at 37.5° C. for 4 days before use did not 
affect the stability of the cortisone, it appears that the living cells 
either inactivated the cortisone or became metabolically adapted to its 
presence. 

The results obtained in the present experiment show that the steroids 
cortisone and 17-hydroxycorticosterone exert a direct action, at the 
cellular level, on fibroblasts in vitro. 


SUMMARY 


The effect of cortisone on embryo chick heart fibroblasts was 
studied, using a total of 1,798 explants. In addition, the effect of 
17-hydroxycorticosterone was studied similarly, using 1,126 explants. 
Thus, a total of 2,924 explants were studied quantitatively. Under the 
experimental conditions described, the steroids cortisone and 17- 
hydroxycorticosterone had a definite inhibitory effect on the migration 
of fibroblasts in tissue culture. This effect increased with increasing 
concentration of the steroids used. 


The cortisone acetate used in the preliminary experiments was supplied through 
the courtesy of Mr. Dwight P. Joyce of the Glidden Company, Cleveland, Ohio. 
Cortisone (free alcohol) and 17-hydroxycorticosterone were supplied through the 
courtesy of Dr. Elmer Alpert of Merck & Company, Inc., Rahway, New Jersey. 
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ELECTRON MICROGRAPHS OF ERYTHROCYTES FROM SWISS ALBINO 
MICE INFECTED WITH HERPES SIMPLEX VIRUS (STRAIN P38)* 


REGINALD L. Reacan, Maj. Ret. U.S.A.. Wrtttam C. Day, Ph.D., and 
A. L. Brueckner, V.M.D. 


(From the Virus Laboratory, Live Stock Sanitary Service, University of Maryland, 
College Park, Md.) 


The virus of herpes simplex (strain P38) employed in this study 
was furnished by the American Type Culture Collection of Washing- 
ton, D.C. This virus had originally been obtained from Dr. Simon 
Flexner and Dr. D. K. Olitsky, who isolated it directly in rabbits 
which had previously been inoculated intracerebrally with vesicular 
fluid (Flexner,’ Flexner and Amoss”). The virus was maintained in 
rabbits for 11 years by intracerebral passage of infected rabbit brains 
and was also carried through 14 serial passages in mice by intracere- 
bral inoculation at Dr. T. F. McNair Scott’s laboratory in the Chil- 
dren’s Hospital of Philadelphia. On receipt at this laboratory, the 
virus had been passed 14 times in Swiss albino mice and was suspended 
in neutral glycerin. The infected mouse brain was passed once intra- 
cerebrally at this laboratory before initiation of the present experi- 
MATERIALS AND METHODS 

Virus-bearing-brain material from the 15th intracerebral mouse 
passage was ground in a mortar with alundum, and diluted to a 20 per 
cent suspension with sterile physiologic saline solution. This material 
was used as inoculum for the present experiment, and titrated 1o** 
intracerebrally in Swiss albino mice. The present experiment was con- 
ducted in the following manner: 28 healthy Swiss albino mice, 21 days 
old (Webster and Dawson*), were divided into two equal groups. One 
group was designated as the control and the other as the test group. 
One-tenth ml. of a 20 per cent suspension of the inoculum was injected 
subcutaneously into each of the 14 mice in the test group. Animals of 
the control group were inoculated subcutaneously with o.1 ml. of a 20 
per cent brain suspension prepared from normal Swiss albino mice of 
the same strain and age as previously mentioned. The animals of each 
group were further divided into 7 groups of 2 animals each. Two ani- 
mals from the test group and 2 animals from the control group were 
bled from the heart 24 hours after inoculation. Approximately o.1 ml. 
of blood was drawn from each animal. The blood taken from the 2 
animals in the test group was pooled and added to 1 ml. of citrated 
physiologic saline solution. The blood from the 2 animals of the con- 
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trol group was treated in the same manner. The erythrocyte suspension 
from each group was then further diluted by adding 1 ml. of physio- 
logic saline solution to each specimen. The cell suspension from each 
group was then employed for electron microscopic studies. The same 
procedure was carried out on erythrocyte suspensions taken from mice 
of the test and control groups at time intervals of 48, 72, 96, 120, 144, 
and 168 hours after inoculation. Only animals from the test group at 
the 168th hour interval exhibited symptoms of involvement of the 
central nervous system such as that found in mice infected intracere- 
brally with mouse-adapted strains of herpes simplex virus. The mice 
from the control group showed no such symptoms. 

Each specimen was prepared for electron microscopic examination 
by placing small drops of the erythrocyte-saline suspension on par- 
lodion film supports which had been prepared 48 hours previously. 
The films were dried and shadowed with chromium (Williams and 
Wyckoff*), at arc tangent 2/10 and examined under the R.C.A. elec- 
tron microscope, type E.M.U. 

In order to determine the infectivity of the erythrocytes obtained 
from animals of the test group, 28 mice were divided into 7 equal 
groups, and mice from each group were inoculated intracerebrally with 
0.02 ml. of an erythrocyte suspension from a designated time interval. 
In order to determine the presence of any toxic material in the diluent 
(citrated saline solution), each of 4 normal mice was inoculated intra- 
cerebrally with 0.02 ml. of an erythrocytic-citrate-saline suspension, 
for which erythrocytes were obtained from mice of the 48-hour con- 
trol group. After inoculation all mice were observed twice daily over 
a 21-day period. 

RESULTS 

Upon examination by electron microscopy of the erythrocytes taken 
at designated time intervals from the control group, no virus-like 
particles could be detected. However, upon examination of the erythro- 
cyte suspensions taken from the infected Swiss albino mice, a few 
virus-like particles were seen on the surface of erythrocytes obtained 
at the following time intervals: 72 hours (Fig. 1), 96 hours (Fig. 2), 
120 hours (Fig. 3), and 144 hours (Fig. 4). These virus-like particles 
had the same shape and size as those demonstrated by electron micros- 
copy of the herpes simplex virus (strain H.F.) from infected mouse 
brains (Reagan, Sansone, and Brueckner’). Electron micrographs 
made of erythrocytes taken from animals of the test group at time 
intervals of 24, 48, and 168 hours did not show any virus-like particles. 

Table I shows the infectivity of erythrocyte specimens from the test 
group when injected intracerebrally into Swiss albino mice. Those 
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mice succumbing to the disease developed symptoms of involvement 
of the central nervous system within 5 to 14 days after inoculation. 
All 4 mice inoculated from the control group (48 hours) remained 
normal throughout the 21-day observation period. 


DISCUSSION 


From the results obtained in this experiment it was apparent that 
the virus was present in the blood stream from 72 to 144 hours after 
Tas_e I 


Response of Swiss Albino Mice Injected with Erythrocytes from Swiss Albino Mice 
Infected with Herpes Simplex Virus 


Bleeding No. of mice inoculated ice Minimum to maximum 
intervals with erythrocytes showing symptoms incubation period* 
re hours days 
24 4 ° 
48 4 ° 
72 4 2 6-14 
96 4 3 5-10 
120 4 2 6-10 
144 4 3 5-9 
168 4 ° 
48 (normal) 4 ° 


* Time elapsing between inoculation and onset of symptoms. 


inoculation. The virus apparently left the blood stream in the interval 
between 144 and 168 hours. Electron micrographs of the virus parti- 
cles showed the particles to be present on the surface of erythrocytes. 
These virus particles resembled the herpes simplex virus (strain H.F.) 
in diameter and contour.’ In the erythrocyte specimen at 168 hours 
no virus particles could be demonstrated by electron microscopy, al- 
though the mice from which this specimen had been obtained were the 
only test animals to exhibit symptoms of involvement of the central 
nervous system following injection with the live virus. Virus-like parti- 
cles seen on the erythrocytes at 144 hours measured the same in width 
as those seen on erythrocytes at other time intervals, but they appeared 
to be slightly longer. 
SUMMARY 

Electron microscopic studies were made of erythrocytes from Swiss 
albino mice injected subcutaneously with herpes simplex virus (strain 
P38). Electron micrographs of erythrocytes obtained from infected 
mice at 72, 96, 120, and 144 hours after inoculation revealed the pres- 
ence of virus-like particles resembling in shape and contour those of 
the herpes simplex virus. The erythrocyte specimens obtained at 72, 
96, 120, and 144 hours also were infectious for Swiss albino mice when 
injected intracerebrally. No virus-like particles could be demonstrated 
in the 24, 48, and 168 hour specimens, and these specimens also were 
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not infective for mice by the intracerebral route. Erythrocytes taken 
from mice of the control group showed no virus-like particles on their 
surfaces when examined by electron microscopy. Citrated-saline sus- 
pensions of erythrocytes obtained from normal mice and inoculated 
intracerebrally into other normal mice did not prove to be toxic. 
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LEGENDS FOR FIGURES 


Fic. 1. Electron micrograph of an erythrocyte from a mouse 72 hours after injec- 
tion with herpes simplex virus. X 36,000. 


Fic. 2. Electron micrograph of an erythrocyte from a mouse 96 hours after injec- 
tion with herpes simplex virus. > 36,000. 

Fic. 3. Electron micrograph of an erythrocyte from a mouse 120 hours after injec- 
tion with herpes simplex virus. 36,000. 


Fic. 4. Electron micrograph of an erythrocyte from a mouse 144 hours after injec- 
tion with herpes simplex virus. > 36,000. 
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MORPHOLOGIC OBSERVATIONS BY ELECTRON MICROSCOPY OF 
SEMLIKI FOREST VIRUS AFTER PROPAGATION IN THE 
SWISS MOUSE * 


REGINALD L. Reacan, Maj. Ret. U.S.A., and A. L. BruecKner, V.M.D. 
(From the Live Stock Sanitary Service Virus Laboratory, Maryland State Board of 


Agriculture, University of Maryland, College Park, Md.) 

The Semliki Forest virus (sixth passage MBB26146 in serum 
M4947 + 4958) (Public Health permit) was obtained from Dr. K. C. 
Smithburn* of the Rockefeller Foundation Laboratories in New York 
City. According to Rivers,” this virus was isolated by Smithburn and 
Haddow from Aedes abnormalis mosquitoes found in Uganda. Viremia 
and encephalitis are produced in mice when inoculated with this virus 
by various routes. Guinea-pigs, rabbits, and rhesus and red tail mon- 
keys develop the disease only after intracerebral inoculation. Chick 
embryos can be used to propagate Semliki Forest virus. Neutralizing 
antibodies have been found in humans, but the virus itself has not 
been isolated from them (Rivers). 


EXPERIMENTAL METHODS AND RESULTS 


Lyophilized mouse brain of the sixth intracerebral mouse passage 
was diluted to a ro per cent suspension with sterile distilled water. 
Each of 20 Swiss albino mice, 3 weeks old, was inoculated intracere- 
brally with 0.03 ml. of this suspension. On the third day after inocu- 
lation the mice showed symptoms of involvement of the central 
nervous system. When symptoms appeared, the mice were sacrificed 
and the brains were removed aseptically. Twenty mice were injected 
intracerebrally with a 10 per cent suspension of normal mouse brains. 
No symptoms of nervous system involvement were noted in these nor- 
mal controls. These 20 mice were sacrificed on the third day after 
inoculation. The brains were removed aseptically as before. Pools of 
infected mouse brains and of normal mouse brains were ground with 
alundum and diluted to 10 per cent suspensions with physiologic saline 
solution. The two suspensions were then subjected to centrifugation 
for 5 minutes in an angle centrifuge at 2,000 r.p.m. The supernatants 
were removed from the specimens and filtered through type ST size 
L3 Seitz filters. The filtrates were then subjected to centrifugation in 
a Spinco Model E ultracentrifuge for 2 hours at 44,770 r.p.m. under 
refrigeration. The temperature of the refrigerated outer jacket was 
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constant at —14° C. during the centrifugation. After the 2-hour cen- 
trifugation period, the supernatants from the specimens were discarded, 
and the sediment from each specimen was resuspended in 1.9 ml. of 
sterile distilled water. Several drops of each suspension were placed on 
several parlodion film supports. After all excess fluid had been re- 
moved with small capillary pipettes, the films were dried and shadowed 
with chromium (Williams and Wyckoff*), at arc tangent 2/10 and 
examined under the RCA electron microscope, type EMU. The balance 
of the material of each suspension was injected intracerebrally into 
each of 6 Swiss albino mice, 3 weeks old. 

The mice injected with the concentrated infected material showed 
nervous symptoms after a period of 3 days. These mice were sacrificed, 
and the brains were removed aseptically, pooled, ground, and diluted 
to a 10 per cent suspension. This suspension was injected intracere- 
brally into 4 unvaccinated mice and into 4 mice which previously had 
been immunized intramuscularly with Semliki Forest virus. After 4 
days the unvaccinated mice showed symptoms of central nervous sys- 
tem involvement, while the immunized mouse group showed no nervous 
symptoms. This confirmed the concentrated virus to be Semliki Forest 
virus. The mice injected intracerebrally with the concentrated sus- 
pension of normal mouse brains appeared normal and were discarded 
after observation for 21 days. 

Upon electron microscopic examination of the concentrated suspen- 
sions of the brains of the normal mice, no virus-like particles could be 
seen. These controls were screened very carefully. Upon examination 
of the concentrated suspension from the infected brains, uniform virus- 
like particles were demonstrated as shown in Figures 1 and 2. These 
bodies measure 45 to 55 my by direct measurement and are somewhat 
spherical with irregular contour. 


SUMMARY 


Studies by electron microscope of brains of mice infected with Sem- 
liki Forest virus show the virus to be spherical with irregular contour 
and with a diameter of 45 to 55 mp. 

These bodies could not be demonstrated in concentrated normal 
mice brains subjected to the same procedure of concentration and 
examination. These bodies resemble the West Nile virus described by 
us.* The virus in the concentrated material was infectious for unvac- 
cinated mice but had no effect on mice previously immunized against 
the Semliki Forest virus. 
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LEGENDS FOR FIGURES 


Fic. 1. Semliki Forest virus shadowed with chromium at tangent 2/10. X 72,000. 


Fic. 2. Semliki Forest virus shadowed with chromium at tangent 2/10. A portion 
of the field of Figure 1 enlarged photographically to X 108.000. 
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SIDEROSIS IN THE BANTU OF SOUTHERN AFRICA * 


J. Hiccryson, M.B., Ta. Gerritsen, D.Phil., and A. R. P. Wacker, Ph.D. 


(From Baragwanath Non-European Hospital; and the Human Biochemistry Unit, South 
African Council for Scientific and Industrial Research. South African Institute for 
Medical Research, Johannesburg, South Africa) 


Extensive deposition of hemosiderin in the viscera of the South 
African Bantu was first described by Strachan,’ and later by the Gill- 
mans and their co-workers.?® Strachan considered metallic poisoning 
by copper, tin, or zinc the probable etiologic factor. Gillman and 
Gillman® correlated the abnormal iron deposits with pellagra and 
malnutrition. 

The general physiology and pathology of iron storage has been 
reviewed recently by Finch and his associates.° In man, large hemo- 
siderin deposits are found mainly in classical or idiopathic hemochro- 
matosis,” in certain anemias,*** and after multiple blood transfu- 
sions.’°* In undernutrition or starvation, iron pigment deposits are 
found also, probably due to the breakdown of blood and tissue 
cells.**** Heavy visceral deposits of iron, associated with bone and 
joint deformities, have been reported also in Korean mountain dwel- 
lers.*® 

In animals, the parenteral administration of citrated blood or iron 
compounds leads to excessive amounts of iron in various organs; this 
has been observed in mice,’ rats,® rabbits,1**° and dogs.**" The addi- 
tion of iron salts to certain experimental diets, especially if low in 
phosphorus, also has been shown to cause excessive iron deposition in 
various animals.*??** 

The pattern of iron distribution in severe siderosis in the Bantu has 
been assumed to be identical to that in classical hemochromato- 
sis; *°*°.° but our findings, which are the result of anatomical, histo- 
pathologic, and chemical investigation, do not support this view and 
accordingly seem worthy of publication. 


METHODs AND MATERIALS 


Our investigation was based mainly on 44 necropsies representing 
siderotic cases of varying severity. The liver, spleen, heart, kidney, 
and pancreas were examined in each, with the exception of the kidney 
in one case. Blocks from the jejunum also were available in 32 of 
these necropsies. In selected cases, additional blocks were taken as 

* This paper is published with the permission of the South African Council for Scientific 
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desired from the gastrointestinal tract, salivary glands, endocrine 
glands, lymph nodes, bone marrow, breast, tongue muscle, and skin. 

In 21 of these cases, the iron concentration was determined in se- 
lected organs. With two exceptions this had to be done on formalin- 
fixed tissues and no allowance could be made for hemoglobin iron. 
However, since the quantity of iron as hemosiderin was so large, the 
small amount of hemoglobin iron would not have been significant, as 
was shown by Roth, Jasinski, and Bidder.”’ The tissues were dried at 
110° C. for 24 hours, ashed at 450° C., and the iron estimated by the 
thioglycollic acid method. In the majority of organs the iron concen- 
tration was determined in duplicate. The duplicates showed a maxi- 
mum error of about ro per cent. In addition, tissues of 4 European 
adult subjects were analyzed as controls. The iron concentration also 
was determined in the major organs of 2 cases of classical hemochro- 
matosis in Europeans. 

To establish the incidence of siderosis and its relationship to hepatic 
fibrosis, 252 additional necropsies were reviewed, and the livers sec- 
tioned and stained for iron. The pattern of iron distribution was con- 
firmed in these necropsies by the study of a small number of random 
tissues. 

Both the more detailed series of 44 necropsies and the additional 
252 cases were unselected, except that children under 10 years, and 
patients with anemia, malaria, and hepatic necrosis were omitted. 

Also examined were 110 specimens of liver obtained for biopsy from 
other patients, many of whom showed various stigmata of malnutrition. 
Additional blocks from 72 livers obtained from unselected necropsies 
of Bantu living in other territories in Southern Africa also were avail- 
able for examination. 

In general, the organs were fixed in 10 per cent formalin; but in a 
few cases formol-sublimate, or Carnoy’s fluids, were used. All sections 
were stained routinely with hematoxylin and eosin. Hemosiderin was 
demonstrated by Perls’ hot potassium ferrocyanide method, modified 
after Dry.* The sections were counterstained with basic fuchsin. 
Additional stains used in selected cases were Turnbull’s blue, Sudan 
IV, Sudan black, Mallory’s picric acid-stain after McFarlane, silver 
reticulin stain, and Schiff’s periodic acid stain with or without preced- 
ing salivary digestion. 


Classification of Cases 


Since the liver stores a high proportion of the total body iron, the 
concentration of the element in this organ was used arbitrarily as a 
standard of severity for each case. Usually, when the iron concentra- 
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tion in this organ was approximately o.1 per cent dry weight, hemo- 
siderin could be demonstrated by histologic methods. According to the 
amount of iron pigment demonstrated histologically, an attempt was 
made to grade the liver into one of four categories (Text-figs. 1 and 2). 
These corresponded approximately to the following concentrations of 
iron: o = <.1 per cent; + = 0.1 to 0.5 per cent; ++ —0.5 to 1.5 
per cent; +++ = > 1.5 per cent. It is clear that this grading cannot 


Taste I 
Cause of Death as Established at Necropsy 


Primary cause of death Male* Female* 


Cardiovascular disease 57(s) 49(6) 
Tuberculosis 22(3) 12(1) 
Neoplasia (excluding liver) 16(r) 7 
Malignant hepatic tumors 6(3) 3(2) 
Central nervous system disease 20(3) 12 
Respiratory disease 24(2) 
Acute bacterial infection 10(3) 
Genitourinary disease 
Postoperative shock 
Diabetes mellitus 
Cirrhosis of the liver 
Pellagra 
Miscellaneous diseases 


— 


13(1) 
296 


oo 


Total 


* The number of cases with cirrhosis unrelated to the cause of death is shown in brackets. 


be altogether accurate as the quantitative measurements are based on 
only 21 cases which were studied by chemical analyses. In these, how- 
ever, agreement between chemical and histologic grading was fairly 
satisfactory. An appropriate correlation between the chemical find- 
ings and histologic appearance was found also in other organs. 

In addition the livers were classified histologically according to the 
degree of portal fibrosis as follows: (a) Essentially normal histology, 
including cases with slightly prominent portal tracts and minimal 
cellular infiltration. (b) Mild and moderate portal fibrosis, i.e., livers 
with an increase in portal fibrous tissue, but without generalized con- 
fluence of the portal tracts (Fig. 2). (c) Severe portal fibrosis, #.e., 
livers in which bands of fibrous tissue divide the organ into lobules 
(Fig. 3). 

In this paper the term “cirrhosis” has been confined to this latter 


group (c). 


: 
Total* 
106(11) 
34(4) 
23(1) 
9(s) 
32(3) 
31(2) 
18(3) 
13(1) 
9 
3 
4 
T 
| 178 |_| 
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Clinical Findings 
Cause of Death. The primary diseases causing death in the com- 
plete series of 296 necropsies are shown in Table I. The degree of 
hemosiderin deposition was unrelated to any specific disease, and 
severe siderosis appeared to be an incidental post-mortem observation, 
not directly related to the patient’s death. One patient, however, had 
died from the spontaneous rupture of a heavily pigmented spleen. 
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Text-fig. 1. Histogram showing the relation of hepatic fibrosis and siderosis in each 
age group for 118 female patients. 

(a) Structurally normal livers. 

(b) Livers with portal fibrosis but without confluence of the tracts. 

(c) Severe fibrosis (cirrhosis). 
There was no history of trauma, and except for an old focus of cerebral 
softening, the remaining organs and tissues were normal apart from 
heavy deposits of iron pigment. In 9 cases of carcinoma of the liver, 
a severe degree of siderosis was not found. 

Nutritional State. In only 2 patients was a typical pellagroid rash 
observed. In the remainder the nutritional state was dependent on the 
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primary disease and not on the degree of iron pigmentation of the 
viscera. It was common, however, to find hyperpigmentation and 
hyperkeratosis of the skin of the limbs in Bantu patients suffering 
from chronic disease. Severe siderosis was seen often in wasted 
patients, but was observed also in the apparently well nourished. 
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Text-fig. 2. Histogram showing the relation of hepatic fibrosis and siderosis in each 
age group for 178 male patients. 

(a) Structurally normal livers. 

(b) Livers with portal fibrosis but without confluence of the tracts. 

(c) Severe fibrosis (cirrhosis) . 


Diabetes Mellitus. Only 3 patients had diabetes mellitus; in these, 
hemosiderin deposits were very scanty. 

Serum Iron. In many apparently healthy Bantu a high serum iron 
and total iron binding capacity have been observed.***° Serum iron 
determinations were carried out on 5 subjects from whom liver speci- 
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mens were available for biopsy; of 3 patients in whom some hemo- 
siderin deposition was demonstrable, 2 had markedly increased serum 
iron. 

Parasitic Infestation. Schistosoma haematobium infestation was 
observed incidentally in 7 necropsies. 

Age and Sex Distribution. The histograms (Text-figs. 1 and 2) re- 
late the degree of siderosis to age. Under 20 years of age it is seldom 
observed and never to a severe degree. Its incidence and severity in- 
crease with age to the fifth decade, when the number of affected per- 
sons remains relatively constant. Females are less severely affected 
than males, especially in the third and fourth decades. Since it is our 
general experience that siderosis is very rare under the age of 10 years, 
younger children and infants were excluded from this investigation. 

Geographic Distribution. Hemosiderin deposits were observed in 
the livers of Bantu from other parts of the Union, and from the fol- 
lowing territories: Rhodesias, Bechuanaland, Swaziland, Nyasaland, 
and Mozambique. In many of these livers, malarial or bilharzial pig- 
ment also was found. Accordingly, the condition does not appear 
limited to the Johannesburg area, but as yet no extensive investigation 
has been made in other areas. 


Chemical Analysis 


The concentration of iron in the major organs from 21 Bantu and 6 
European subjects is shown in Tables II to V. Cases 26 and 27 pre- 
sent the iron concentration in the organs of the 2 European subjects 
who died with classical hemochromatosis. The clinical features of case 
26 have been reported elsewhere.** The iron concentration in classical 
hemochromatosis is summarized in Table V after Sheldon.’ 


Gross AND Microscopic PATHOLOGIC FEATURES 


Our description of the morbid anatomical distribution of hemosid- 
erin is based chiefly on the 44 cases examined in most detail. Where 
desirable, use has been made of the tissues available from the addi- 
tional 252 necropsies in which the liver was examined for iron. The 
rusty appearance of siderotic tissues was typical, and the pattern of 
visceral and lymph node involvement could easily be studied with the 
naked eye. Further, as the pattern observed in the cases examined in 
more detail was constant and was confirmed by microscopy, section of 
further tissues was considered unnecessary. 


External Appearances 


The hyperpigmentation of the skin in Bantu suffering from chronic 
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disease was due to increased melanin in the rete malpighii and was 
unrelated to the amount of hemosiderin in the abdominal organs. In 
3 of 10 severe cases with heavy iron pigmentation of the liver, micro- 
scopic examination of the skin from the flexor surface of the arms 
showed a few scattered hemosiderin granules in the corium, most 
marked in the region of the skin appendages. No iron pigment was 
found in skin sections from cases with moderate hepatic involvement. 


The Liver 


The following description is drawn from the 292 livers examined. 
The gross appearance varied according to the nature of the primary 
disease. In livers with a moderate or severe siderosis, the organ had 
also a rusty brown color and gave a positive Prussian blue reaction in 
the cold. In 35 of these 292 livers, cirrhosis was present but in only 
4 was it the direct cause of death. The weight of the organ was unre- 
lated to the intensity of pigmentation. The mean weight for normal 
livers without histologic iron was 1515 gm. (range, 1120 to 2000 gm.); 
for those classified as severe siderosis, 1550 gm. (range, 1200 to 2350 
gm.); and for those with fine multilobular cirrhosis, 1660 gm. (range, 
1200 to 2450 gm.). 

Microscopic Examination. Among Bantu patients it is common at 
necropsy to find histologic evidence of liver disease, which is appar- 
ently unrelated to the cause of death (Table I). Similar lesions are 
observed in liver specimens for biopsy from patients who clinically 
are not under suspicion of having hepatic disease. These lesions vary 
from prominence and slight fibrosis of the portal tracts to a fine 
multilobular cirrhosis (Figs. 1 and 2). There may be an associated pleo- 
morphic portal infiltration by lymphocytes, plasma cells, and histio- 
cytes, also polymorphonuclear cells and eosinophils. Throughout the 
liver, the fibrosis of the portal tracts is unequal; in some tracts there 
is little or no increase in fibrous tissue; elsewhere collagen fibers extend 
toward the neighboring tracts and between the parenchymal cells at 
the periphery of the lobules. The resultant cirrhosis accordingly shows 
both a monolobular and multilobular distribution. It seems probable 
that, in the late stages, such a cirrhosis may progress to a coarse cir- 
rhosis morphologically indistinguishable from that of post-necrotic 
origin, but proliferation of the bile ducts is insignificant and necrosis 
of the liver cells is not a feature. The distribution of the livers of the 
various types in each group is shown in Text-figures 1 and 2. 

Of the 35 cirrhotic livers, the cirrhosis in 25 was clearly a more 
advanced degree of the fine portal type which we have described. In 
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none of these was it considered the direct cause of death. There was 
one case of true biliary obstructive cirrhosis. The remaining 9g livers 
showed a coarse multilobular cirrhosis. In the latter cases the clinical 
history was insufficient to determine the etiology with certainty. 

Distribution of Iron Pigment. In the majority of livers, hemosiderin 
was observed in both liver and Kupffer cells. In cases of mild sidero- 
sis the cytoplasm of the Kupffer cells usually stained a diffuse blue and 
sometimes contained small hemosiderin granules. In the parenchyma, 
on the other hand, iron pigment appeared first as fine granules at the 
biliary pole of the hepatic cells at the periphery of the lobules. In 
8 livers, however, hemosiderin was found only in the Kupffer cells 
(Fig. 3), and in 8 additional livers pigment was confined almost en- 
tirely to the parenchymal cells, pigment in the reticulo-endothelial cells 
being insignificant. 

In severe cases, the deposits of pigment in the parenchymal cells 
and Kupffer cells were more marked and the pigment granules of 
larger size. Deposits, however, were still most obvious in the liver 
cells at the periphery of the lobules, but the pigment was no longer 
confined to the biliary pole (Figs. 4 to 6). Where the Kupffer cells 
were heavily involved, large granules of pigment obscured nuclear 
detail and the cells appeared as masses of granular hemosiderin. In 
an occasional case, iron-laden multinucleated macrophages were pres- 
ent in the sinusoids. Even where deposits were marked in the liver 
cells, cellular degeneration was not a prominent feature. No correla- 
tion was observed between the amount of hemosiderin in the Kupffer 
cells and in the liver cells. 

In siderotic cases of all degrees of severity, deposits of iron pigment 
were noted also in the portal tracts (Figs. 5 and 6). These varied from 
an occasional iron-laden macrophage to heavy intracellular and extra- 
cellular masses. The appearance of these latter masses suggested 
origin from the disruption of iron-laden macrophages. Frequently, in 
cases with severe pigmentation, hemosiderin was found in the epithe- 
lium of the small bile ducts, and in the endothelial cells of the portal 
lymphatics and venous channels. Invasion of the liver capsule by iron- 
laden macrophages was always present in association with heavy pig- 
mentation of the portal tracts. The histograms (Text-figs. 1 and 2), 
however, show that all patterns of liver damage can be associated with 
any degree of hemosiderin deposition. But while there is a tendency 
for severe siderosis to be associated with portal fibrosis and cirrhosis, 
conversely, some cases with heavy iron storage show little or no fibrosis. 

In siderotic livers, foci of scarring or tuberculosis were often infil- 
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trated by iron-laden macrophages (Fig. 7). Similar invasion of 
fibrous scars was found elsewhere in the body. 

Iron Content. On comparing ‘the concentration of iron determined 
chemically and assessed histologically in 21 livers, it was clear that 
the fibrosed portal tracts permitted marked storage; 7.e., when a liver 
showed a high iron concentration on chemical analysis, much of the 
hemosiderin appeared to be situated in the portal tracts. In this series, 
the highest concentration of hepatic iron was 5.52 per cent dry weight 
(case 25). In this liver, cirrhosis was present. 


Spleen 


In siderotic cases the spleen showed a marked rusty color, the inten- 
sity of which was invariably greater than that in the liver. Sometimes, 
although the liver had a normal color, the spleen showed a distinct 
brownish tinge and gave a positive Prussian blue reaction. The weight 
and size of the organ were related to the accompanying disease process. 
Significant enlargement of the spleen or other evidence of portal hyper- 
tension was present in only 6 of the 25 cases with fine multilobular 
cirrhosis. 

On microscopic examination of the 113 spleens available, a much 
greater concentration of iron was found than in the liver, with only 
2 exceptions. This was confirmed by chemical analysis in 21 cases 
(Tables II to V) but the total quantity of iron, however, was less than 
in the liver. In those cases in which only minimal involvement of the 
parenchymal or Kupffer cells of the liver was present, the spleen 
showed significant deposits of hemosiderin in the endothelial cells and 
macrophages. In more severe cases, the number of iron-laden macro- 
phages in the pulp increased to form dense masses, some of which 
appeared extracellular (Fig. 8), and often the entire reticulo-endo- 
thelial system was outlined by pigment. Iron-laden histiocytes were 
found also in the capsule and trabeculae, and the endothelium of the 
trabecular veins frequently contained hemosiderin granules. Occa- 
sionally, slight iron encrustation of the trabecular fibers was observed, 
but the elastica of the vessels was usually unaffected. The malpighian 
corpuscles appeared relatively free from iron pigmentation. Fibrosis 
was not significant unless some other factor such as portal hyperten- 
sion or chronic venous congestion was present. 


Pancreas 


On naked-eye examination the pancreas usually appeared normal, 
but in 2 cases it had a distinct brown color. Of the 82 pancreases ex- 
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amined microscopically, 32 were from cases in which the liver was 
heavily pigmented. In the majority of these, slight hemosiderin de- 
posits were noticed in scattered interstitial macrophages, but in only 
7 did the acinar and islet cells contain iron-pigment granules. These 
were very scanty with the exception of case 25, the most severely 
siderotic case noted. Cases of moderate or mild hemosiderosis showed 
no evidence of epithelial involvement. Chemical determination con- 
firmed the very low concentration of iron in the pancreas, in contrast 
to that in the liver and spleen. In a few cases there was a fine inter- 
stitial fibrosis which was unrelated to the amount of iron in the pan- 
creas or in other viscera. 

Heart 

In only 4 of the 21 hearts from cases with severe hepatic siderosis 

were iron pigment granules observed in the perinuclear region of the 
myocardial fibers. In the remaining 53 hearts from cases of lesser 
severity, no iron could be demonstrated histologically in the myo- 
cardium. Chemical analysis confirmed the very slight increase in iron 
in the cardiac muscle. ; 

Kidney 


In both severe and moderate cases, scanty hemosiderin granules 
usually were found in the distal convoluted tubules and also in the 
loops of Henle. In some severe cases granules of iron pigment were 
found lying in the glomerular capillaries. Scattered hemosiderin-laden 
macrophages frequently were present in the interstitial tissues as were 
also slight extracellular deposits, especially in foci of fibrosis. The 
tubular deposits were scanty and focal in distribution. Analysis in 4 
severe cases showed only a slight increase in iron concentration. 


The Gastrointestinal Tract 


The stomach appeared normal, even in patients with severe siderosis 
on gross examination. In 4 very severe cases, microscopic examination 
showed only traces of hemosiderin in a few acinar cells and only occa- 
sional iron-laden macrophages in the submucosa. In 6 other cases with 
equally heavy visceral deposits, no pigment was found in the epi- 
thelial cells. 

On naked-eye examination the duodenal and jejunal mucosa from 
cases with slight hepatic pigmentation appeared normal. In cases with 
more marked visceral involvement, however, the mucosa had a rusty 
color and gave a positive Prussian blue reaction. This color was first 
noted in the doudenum (being most intense in the third and fourth 
parts) and upper jejunum, and then diminished and disappeared in 
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the lower jejunum and ileum. Microscopic examination confirmed the 
gross appearances in mild cases; sections of the jejunum showed only 
an occasional iron-laden macrophage in the substantia propia of the 
villi. But in severely siderotic cases all cellular detail in the villi was 
obscured by masses of intracellular and extracellular pigment. Similar 
changes were found to a lesser degree in the duodenum, but in no case 
examined were the glands of Brunner involved (Figs. 9 and 10). 
When the visceral deposits of hemosiderin were slight, the ileum 
showed no abnormal storage, but in severe cases a few iron-laden 
macrophages were found in the villi. The colon was normal, but occa- 
sionally, foci of hemosiderin-laden macrophages were found in the 
mucosa. In all cases post-mortem change was too advanced for exam- 
ination of the epithelium. 

Chemical analysis confirmed the histologic findings; the iron con- 
centration of the stomach, ileum, and colon showed insignificant rises 
in comparison to the jejunum, which on one occasion contained seventy 
times the average normal value (case 21). Due to the presence of the 
muscle in these specimens, however, these values are only approximate 
and the actual mucosal concentration of iron would be much greater. 
From Tables II to V, it can be seen that a rise in the concentration 
of iron in the jejunum usually accompanied an increase in the liver 
and spleen, and this was confirmed by histologic study. 

Slight deposits of hemosiderin were found in the acinar cells of only 
2 of 12 parotid glands examined. No hemosiderin or only an occa- 
sional iron-laden interstitial macrophage was observed in 4 additional 
glands, although all 6 subjects showed equally heavy iron deposits in 
the abdominal organs. 


Endocrine Glands 


Sections from the thyroid gland, pituitary body, and testes showed 
only a few scattered hemosiderin-laden macrophages in the interstitial 
tissues. In only two thyroid glands from severe cases were hemo- 
siderin granules found in the epithelial cells. Of the 19 suprarenal 
glands examined, in only 2 was iron pigment found in the epithelial 
cells. In many of the remainder, although the endothelial cells of the 
cortical sinuses were outlined by hemosiderin and heavy deposits were 
present in the medulla, no pigment was observed in the epithelial cells. 

Testicular atrophy and gynecomastia were present in several cases, 
but no correlation with the degree of visceral siderosis or hepatic 
cirrhosis could be established. 
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Bone Marrow 


On gross examination, the bone marrow, in cases with moderate and 
severe siderosis of the liver, was rust colored. Microscopic examina- 
tion confirmed the presence of intracellular and extracellular iron pig- 
ment deposits. Numerous hemosiderin-containing macrophages have 
been observed also in marrow smears from Bantu patients. In one 
case of generalized idiopathic osteoporosis there was collapse of the 
vertebrae with fibrosis. The new fibrous tissue was very heavily infil- 
trated by iron-laden histiocytes. 


Brain and Choroid Plexus 


In no case was iron pigment found in the brain substance. On 
naked-eye examination the choroid plexus was of normal color and 
microscopically only minimal epithelial deposit was found in 2 of 4 
very severe cases. 

nd Voluntary Muscle 

In 2 of 7 cases with severe visceral siderosis, very scanty pigment 
deposits were noted in the voluntary muscle of the tongue. 


Lymph Nodes 


According to the degree of hemosiderin deposition, the gross colora- 
tion of the nodes varied from normal to light brown or rust. On sec- 
tion, iron pigment first appeared in histiocytes lying in the medullary 
and subcapsular sinuses. In more severe cases, the deposits were both 
intracellular and extracellular. In some patients the nodes showed 
solid masses of hemosiderin granules, surrounding relatively normal 
lymph follicles (Fig. 11). Even in the most heavily affected nodes, 
fibrosis was not a feature. 

The distribution of hemosiderin in the abdominal nodes followed a 
definite pattern. Those in the porta hepatis, pancreatico-splenic, and 
upper mesenteric groups contained the most iron pigment. The lymph 
nodes in the mesentery and those draining the doudenum and upper 
jejunum contained large deposits (Fig. 10), but those draining the 
ileum and colon, little or none; in mild cases, only the jejunal and 
duodenal nodes contained hemosiderin. In 3 cases examined, in which 
very scanty iron-laden macrophages were found in the jejunal mucosa, 
there were moderate pigment deposits in the corresponding jejunal 
lymph nodes and the nodes of the porta hepatis. In severe cases, 
heavy pigmentation was observed also in the glands of the lesser 
curvature and in the para-aortic group. In such patients, scattered 
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hemosiderin-laden macrophages frequently were noted als he 
tracheobronchial, inguinal, axillary, and cervical nodes. The pi -tern 
of lymph node involvement was confirmed microscopically in 60 nodes, 
but in other necropsies the same pattern of involvement could easily 
be followed with the naked eye. 


Lung 


Hemosiderin deposits usually were scanty and limited to the inter- 
stitial tissues of the lung. In 4 cases with heavy liver pigmentation, 
large granules of hemosiderin were found obstructing some of the 


alveolar capillaries. 
Other Pigments 


In many livers a golden brownish pigment (“wear and tear” pigment) 
was found in the liver cells. This could be demonstrated by basic 
fuchsin. Iron was not demonstrated by the method used in this investi- 
gation. This pigment stained poorly or not at all with the periodic acid- 
Schiff’s method, and it was sometimes sudanophilic even in paraffin 
sections. Although this pigment generally was more frequent with 
increasing age, the relationship was not absolute. Whereas hemosiderin 
was first found at the periphery of the lobules, this pigment was most 
marked at the center. In many cases the centrilobular cells contained 
“hemofuscin” but no hemosiderin, whereas at the periphery, iron pig- 
ment was present but no fuchsinophilic pigment. There was no correla- 
tion between the presence of this pigment and the degree of siderosis. 
A similar pigment which sometimes stained with the periodic acid- 
Schiff’s technique was found in the heart muscle. 

In addition, in many siderotic cases a further fuchsinophilic pigment 
was found. It was noted in the fibroblasts and macrophages of the 
portal tracts, the epithelium of the biliary ducts, the interstitial tissues 
of the pancreas, the capsule of the lymph glands and spleen, the myo- 
cardium, and in the smooth muscles of the blood vessels, muscularis 
mucosae, and myocardium (Fig. 11). It also was found occasionally 
in voluntary muscle, in the choroid plexus, and renal tubules. In case 
25, the lymphatics of the submucosa were outlined by hemosiderin 
and fuchsinophilic pigment (Fig. 12). The color of this pigment varied 
from gray to brown in unstained paraffin sections. It differed from 
“wear and tear” pigment in that it was generally stained strongly by 
the periodic acid-Schiff’s technique. Frequently it stained with Sudan 
black, even in paraffin section. It did not show iron. Its presence was 
variable and although usually most marked in severe siderosis this 
relationship was not absolute, in some cases little or none being found. 
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It must be emphasized that this pigment, although constantly fuch- 
sinophilic, showed considerable variation in its staining reactions in 
organs from various parts of the body. 

Although looked for in many cases, no ferrous iron was demon- 
strated in appropriately stained sections of the liver and spleen. 


DIscussIONn 


In Table VI we have compared our observations on the major 
clinical and morbid anatomical features of Bantu siderosis with those 
in hemochromatosis and transfusional hemosiderosis as reported in 
the literature. For present purposes, idiopathic or classical hemochro- 
matosis will be referred to as hemochromatosis. 

Clinical Findings 

According to the observations of Strachan,’ Gillman and Gillman,*** 
and from our present series, siderosis occurs very frequently in adult 
Bantu subjects examined at necropsy. It is rarely observed in the 
young, increases with age, and appears to affect males slightly more 
than females. The maximum incidence of hemochromatosis is in the 
fifth decade. 

Diabetes mellitus was not common in our series. It is found in 78 
per cent of the reported cases of classical hemochromatosis.’ Accord- 
ing to Brown e¢ al.,” it has been reported in 5 of 40 cases of trans- 
fusional hemosiderosis. 


Gross and Microscopic Findings 


The general pattern of hemosiderin deposition in this series was 
similar to that reported by other local authors.’** 

On naked-eye examination, deposition of hemosiderin was most 
marked in the abdominal lymph nodes, spleen, liver, jejunum, and 
bone marrow, and was negligible or absent in the heart, pancreas, 
stomach, suprarenal and thyroid glands. The findings were confirmed 
by microscopy and chemical analyses in selected cases. The basic pic- 
ture was that of storage in the liver and the reticulo-endothelial sys- 
tem. 

The concentration of iron in the spleen was almost invariably 
greater than in the liver, even in mild cases. In hemochromatosis the 
iron content of the spleen is usually much lower than in the liver and 
concentrations of the degree observed in severe Bantu siderosis have 
not been reported. We have been able to find descriptions of only 2 
cases of hemochromatosis in which the concentrations in both organs 
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Taste VI 


Comparative Features of Siderosis in the Bantu, Idiopathic Hemochromatosis, and 
Transfusional Hemosiderosis 


Siderosis Idiopathic Transfusional 
in the Bantu hemochromatosis* hemosiderosist 
Incidence Very common in the Very rare Very rare 
Bantu 
Age Increases with age Maximum incidence in | No specific age 
middle age 
Sex Males affected earlier | Males:females= 20:1 No difference between 
and more severely sexes 
than females 
Diabetes Very rare 78% of cases Has been reported 
Hematologic Normal Normal Associated with blood 
picture dyscrasias 
Serum iron Pemaety abnormally | Usually increasedt Usually increased 
hig 
Liver 
Cirrhosis Present in one fourth | Invariably present Portal fibrosis 
of severe cases frequently reported 
Weight Variable Usually increased Variable 
Iron content | Highin advanced stage | Highin advanced stage | Depends mainly on 


number and volume 
of transfusions 


Pancreas 
Fibrosis Rare and unrelated to | 90% of cases Sometimes found 
degree of siderosis 
Hemosiderin | Present only in Invariably present Deposits sometimes 
severe cases found 
Spleen 
Weight Within normal limits Increased Variable 
Iron content | Very high Increased High 


Stomach Usually no epithelial Iron usually found in | Sometimes found 
iron present epithelial cells 
Intestine Much pigment in villi | Slight pigmentation of | Not reported (not found 
of upper small bowel villi in one case examined 
by us) 
Heart Iron pigment rarely Hemosiderin present Sometimes pigmented 


observed 


in 90% of cases 


Bone marrow 


Heavily iron pigmented 


Little or no iron pig- 
ment present 


Tron pigment 
occasionally observed 


Type of iron 
distribution 


Essentially in reticulo- 
endothelial system 


Essentially parenchymal 


Both systems equally 
involved 


* Mainly after Sheldon.7,.26 
+ Rath and Finch.49 
t Abstracted mainly from Schwartz and Blumenthal,!! Wyatt et al.,12 Brown et al.21 
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were similar, namely, the cases of Bernoulli™ (cited by Sheldon’) and 
Vogt.** Several authors have emphasized the relatively small amount 
of hemosiderin found in the spleen,"** and our findings are in agree- 
ment (cases 26 and 27). In 2 cases of transfusional hemosiderosis 
which we studied, the concentration of splenic iron was approximately 
equal to that in the liver (2 to 3 per cent). In animals which had 
received iron by injection, Polson’® found a late reduction in the con- 
centration of splenic iron after an early rise, due to increased storage 
in the liver. If, however, Bantu siderosis and hemochromatosis are 
considered basically similar conditions, it is difficult to explain the 
different concentrations of iron in the spleen on this hypothesis. 

A striking feature of this series was the absence of pancreatic pig- 
mentation in the majority of cases. Even when hemosiderin deposits 
were marked in the liver and spleen, the pancreas showed only scat- 
tered iron-laden interstitial macrophages; in only a few very severe 
cases was iron pigment seen in the glandular and islet cells and then 
usually only in traces. This is in contrast to hemochromatosis in which 
heavy iron pigmentation is invariably present, the iron content aver- 
aging 100 times the normal average value.’ 

The absence of significant hemosiderin deposits in the epithelial 
elements of the stomach, the thyroid, salivary, and suprarenal glands, 
and the myocardium is also in striking contrast to hemochromatosis 
where these organs are almost invariably pigmented. 

Although slight hemosiderin deposits occur in the intestinal villi in 
hemochromatosis,’ massive pigment deposition in the jejunal and the 
duodenal mucosa, as found in our cases, is not a feature. Such de- 
posits, however, are noted in the intestines of rats and guinea-pigs 
which have ingested large amount of iron**-**; and in mice*® and dogs,°® 
after the injection of saccharated iron. Cappell?® considered these de- 
posits to arise from the re-absorption of intestinal iron which was of 
either dietetic or biliary origin. Such deposits have been reported in 
transfusional hemosiderosis in man,*° but in many reports on this 
condition, no specific mention of intestinal pigmentation has been 
made. In one of our 2 cases of transfusional hemosiderosis, in which 
the concentration of liver iron was 2.58 per cent of the dry weight, no 
hemosiderin was observed in the jejunal villi. 

It seems reasonable, therefore, to regard the upper portion of the 
small intestine as an area of high iron activity, possibly related to 
absorption. Further, where pigment deposits were large, the endo- 
thelial cells of the submucosal lymphatics often contained iron pig- 
ment, as did the corresponding lymph nodes (Figs. 10 and 13), and 


| 


798 HIGGINSON, GERRITSEN, AND WALKER 


relatively little iron was observed in the ileum or colon and their lymph 
nodes. On anatomical grounds, this suggests that these increased 
hemosiderin deposits were derived from active absorption in the small 
intestine, rather than by retrograde spread in the mesenteric lym- 
phatics. 

The fine portal fibrosis described in the liver of Bantu patients at 
all ages has been confirmed. Such tracts show varying degrees of 
fibroblastic activity and cellular infiltration. As the proportion of 
patients with cirrhosis in each decade does not increase markedly, 
these proliferative changes in the portal tracts probably may cease to 
progress at any age, and cirrhosis is not an invariable result. This is 
also the opinion of Gillman and Gillman,®* who considered these 
changes nutritional in origin. In the majority of cases, this cirrhosis 
is of a fine multilobular type, fibrosis apparently being the dominant 
feature and not necrosis. Our findings are very similar to those of 
Vint** in East Africa. 

All degrees of siderosis were found accompanying these various 
histologic patterns. Only one fourth of the cases with severe siderosis 
showed cirrhosis. In 7 cases with cirrhosis, hemosiderin deposition was 
absent, and conversely, 11 severely siderotic livers showed no signifi- 
cant portal fibrosis. 

Gillman and Gillman® classified their cases of Bantu siderosis, first, 
by the degree of fatty changes in the parenchymal cells, and secondly, 
according to the distribution of hemosiderin in the liver cells, Kupffer 
cells, and portal tracts. They considered these types to represent vari- 
ous stages in the evolution of classical hemochromatosis. It is very 
doubtful whether fatty change in the liver can be related to siderosis 
which is usually first observed in the third decade, whereas the ma- 
jority of fatty livers found by these authors among the Bantu were in 
patients with kwashiorkor, dying during the first 2 years of life. This 
has been our experience also. In Uganda, kwashiorkor with fatty 
liver is common,*’ but siderosis in adults is not observed.** In our 
series there was no relationship between pigmentation and fatty 
change, the latter appearing to be dependent upon the primary disease. 
We also have observed no correlation between the concentration of 
iron in the liver and the distribution in the parenchymal cells, Kupffer 
cells, and portal tracts. For these reasons we consider the absolute 
concentration of hepatic iron a better index of the evolution of Bantu 
siderosis than the pattern of pigment distribution in the liver. Further, 
in our opinion it is inadequate to base any classification of siderosis on 
the pattern in the liver without considering the general distribution in 
the body. 
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It is, of course, dangerous to dogmatize on the evolution of a dis- 
ease from the static picture at necropsy. However, although slight 
deposits of hemosiderin have been reported in chronic bacterial dis- 
eases,*® in the majority of our cases with slight or moderate siderosis, 
the pigmentation could not be so ascribed. We consider it reasonable 
to accept these as representing an early stage in the evolution of Bantu 
siderosis. 

Cappell*® showed that after the injection of saccharated oxide of 
iron in mice, the iron first appeared in the cells of the reticulo-endo- 
thelial system, and shortly after in the epithelial cells of the liver. On 
this account, and arguing by analogy from Cappell’s experiments, we 
consider cases with only reticulo-endothelial involvement to represent 
the earliest stage in evolution. We also believe that the development of 
the morbid anatomical pattern in this series is very similar to that 
described in mice by Cappell. It is possible that the 8 livers in which 
parenchymal iron alone was present correspond to those livers in mice 
in which new non-iron-containing Kupffer cells have replaced the older 
cells. In Bantu siderosis, it appears that not until the concentration 
of iron in the liver cells and reticulo-endothelial system is high, can 
hemosiderin be demonstrated histologically in the parenchymal cells of 
the heart, pancreas, and salivary and thyroid glands. Although chemi- 
cal estimation shows some increase in the iron content of these organs, 
this is probably mainly due to hemosiderin-laden phagocytes and ex- 
tracellular deposits in the interstitial tissues. Epithelial hemosiderin 
deposits can, however, usually be demonstrated in the pancreas, thy- 
roid and suprarenal glands, and heart when the concentration of 
hepatic iron approaches 3 per cent dry weight and splenic iron 5 per 
cent dry weight, approximately. In contrast, in cases of hemochroma- 
tosis, even when the concentration of hepatic iron is as low as 1 to 2 
per cent dry weight, it is usual to observe considerable pigment in the 
parenchymal cells of the heart, pancreas, and thyroid gland.’ In re- 
viewing the distribution of iron in hemochromatosis, as described by 
Sheldon and later authors, we agree with Brown et al.** who considered 
that in hemochromatosis, storage even in the early stages is essentially 
in the parenchymal tissues. On the other hand, it appears to us that 
Bantu siderosis is mainly storage of excess iron initially throughout 
the general reticulo-endothelial system and in the liver cells. Iron pig- 
ment was not observed in this series in the parenchyma of organs other 
than the liver in the absence of heavy involvement of the reticulo- 
endothelial system. It is not possible, however, to distinguish between 
Bantu siderosis, hemochromatosis, or transfusional hemosiderosis by 
chemical or histologic examination of the liver alone. Although epi- 
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thelial deposits may be considerable, as illustrated by Gillman and 
Gillman® in Figures 156 and 167, and in case 25 of our series, we 
consider that the distinction from hemochromatosis can usually be 
made by the predominantly reticulo-endothelial involvement. 

In transfusional hemosiderosis, the appearance of hemosiderin in 
the epithelial elements occurs at an early stage. This may be partly 
due to rapid overload of the reticulo-endothelial system because of the 
short period in which the condition develops. In some cases of trans- 
fusional hemosiderosis an identical pattern to that found in hemo- 
chromatosis has been described; in others the picture resembles our 
cases.*° It is, however, possible that the degree of epithelial involve- 
ment in all three conditions may depend on the length of time during 
which they develop. 

The relationship of cirrhosis and hemosiderin deposition has re- 
ceived considerable attention. The presence of increased fibrous tissue 
in the liver and pancreas in transfusional hemosiderosis has suggested 
that iron-pigment can produce fibrosis.1‘ This view is not held by 
Wyatt, Mighton, and Moragues.’* The histograms in Text-figures 1 
and 2 show that there is a high incidence of severe hemosiderosis in 
cirrhotic cases. But of 7 livers with cirrhosis without hemosiderosis, 
5 were from patients under 35 years of age, whereas all but 2 of the 
severely siderotic livers with cirrhosis were in subjects over 40 years. 
The frequency of both siderosis and hepatic fibrosis increases with age, 
and the apparent relationship may, accordingly, be fortuitous. Further, 
it is difficult to explain the lesser degree of siderosis observed in livers 
from female subjects, if fibrosis and siderosis are causally related. 

As iron-laden reticulo-endothelial cells tend to migrate to the hepatic 
lymphatics,’* there is possibly a tendency in siderosis for iron pigment 
to collect in enlarged portal tracts, causing the histologic picture seen 
in Figures 5 and 6. This might explain the correlation between severe 
cases of hemosiderosis and cirrhosis. On the other hand the degree of 
fibrosis in individual portal tracts was unrelated to the amount of iron 
pigment present in them. In some tracts, only a few iron-laden macro- 
phages were seen; in other tracts in the same section, massive deposits 
were observed. 

It has been stated that in hemochromatosis, fibrosis of the pancreas 
and spleen is a function of hepatic cirrhosis, and is unrelated to iron 
deposition.“ Fibrosis of the spleen, lymph nodes, and intestinal villi 
was not a feature of our cases and there was no correlation between the 
degree of siderosis and pancreatic fibrosis, when present. Deposition 
of hemosiderin does not produce fibrosis in animals.’***?? For these 
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reasons we agree with Gillman and Gillman* that fibrosis cannot be 
regarded as dependent upon hemosiderin deposition. Further, fibrosis 
and cirrhosis of the liver are commonly observed in other parts of 
Africa, where siderosis has not been reported.**:***1 

The classification of the non-iron-containing fuchsinophilic pigments 
in the body is difficult as they show a variety of staining reactions. In 
Bantu siderosis there is, however, a general increase in fuchsinophilic 
pigment. We agree, however, with Cappell*? that the term “haemo- 
fuscin” is poorly defined and suggest that until these various pigments 
have been adequately classified they should be described according to 
their staining reactions. 


ETIOLOGY 


The hypothesis that siderosis in the Bantu is due to metallic poison- 
ing’ has received no confirmation. Sheldon’ suggested that parasitic 
infestation may be responsible; but we regard this as unlikely, as has 
been shown by Gillman and Gillman.* 

Gillman and associate workers**** maintained that malnutrition 
and pellagra cause hepatic damage, with deposition of hemosiderin in 
the liver cells (cytosiderosis); later, this is followed by excretion of 
iron in the bile, with consequent reabsorption and widespread iron 
deposition (siderosis). Our post-mortem findings, however, indicate 
that iron deposition is widespread in the reticulo-endothelial system 
from the beginning, and division into two stages is not possible. More- 
over, we wish to reiterate that it is unwise to isolate changes in the 
liver from those in the rest of the body. 

If iron deposition was a feature of pellagra in South Africa, one 
would expect an approximately similar histologic picture in all cases 
of acute pellagra on admission to hospital, if the metabolic processes 
involved were similar in each. This was not reported by these authors, 
nor has it been our experience. Further, our liver biopsies from 
patients suffering from many different diseases have shown the same 
range of histologic pattern. 

In undernutrition and starvation, hemosiderin deposits occur in both 
liver and spleen.** This is associated with general atrophy of the 
organs, and has been ascribed to breakdown of tissue. In our series, 
many patients were clearly not optimally nourished, but significant 
visceral atrophy was not observed, even on microscopic examination. 
In the Japanese series** the average weight of the liver was 900 gm., 
as against 1550 gm. in severe siderosis in this series. Further, one 
fifth of our patients with marked siderosis were apparently well nour- 
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ished. While undernutrition and infection may accentuate pre-existing 
siderosis in the Bantu, we do not consider these factors of major im- 
portance in the etiology of the condition. 

It has been found that when mice, rats, and dogs are fed a corn 
grit diet, abnormal deposition of iron occurs, such deposition being 
aggravated by a high iron intake.*:**** This phenomenon was found 
to be due almost wholly to a deficiency of phosphorus. We have been 
able to find no reports of such studies in man. In one case of hemo- 
chromatosis examined by Bothwell** no effect was noted on iron ab- 
sorption by the addition of phosphates to the diet. It is doubtful, 
moreover, whether deficiency of this element could be involved in 
Bantu siderosis, since the high cereal diet of these people is rich in 
phosphorus. 

Allusion has been made also to the observation that when rats, 
rabbits, and dogs ingest an abnormally large amount of iron, excessive 
absorption, retention, and deposition occur, even when the diet con- 
sumed is adequate. Walker and Arvidsson** reported that large 
amounts of adventitious iron are frequently present in the diet of the 
Bantu, as much as 200 mg. per day being ingested. Walker** consid- 
ered that there is enough published experimental evidence in man to 
show that this intake is sufficiently high to permit unrequired iron to 
be absorbed, retained, and deposited in the body; and that this may 
perhaps account for the condition under consideration. Further in- 
formation is needed, of course, on the effects of malnutrition plus high 
iron intake on iron absorption in man before this view can be accepted 
or rejected. 

The etiologic fault in hemochromatosis is unknown. Sheldon™é 
suggested that there is an inborn error of metabolism. Granick** put 
forward the hypothesis of increased iron absorption due to a greater 
reducing tendency of cells for iron. That such a high absorption does 
exist in some acute cases has been shown,*’ although this phenomenon 
may be secondary. Althausen e¢ ai.** did not consider malnutrition to 
be an etiologic factor. Despite these uncertainties, it will be apparent 
from evidence presented in this paper that the morbid anatomical pat- 
tern of hemosiderosis in idiopathic hemochromatosis is different from 
that observed in Bantu siderosis. This fact, together with the other 
points discussed, suggests that it is improbable that the two conditions 
are due to the same abnormality. 


SUMMARY 


In the South African Bantu, siderosis is a common phenomenon. 
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Its morbid anatomical features and the pattern of iron distribution 
(histologic and chemical) have been described. 

It has been suggested that iron storage occurs principally in the 
reticulo-endothelial system and liver and not until heavy deposits are 
present in this system does the element appear in the epithelial tissues. 
This basic pattern of storage in the liver and reticulo-endothelial sys- 
tem continues to be observed, even in severe cases. By contrast, in 
classical hemochromatosis, iron storage is believed to be mainly 
parenchymal. 

The relationship of hepatic fibrosis to siderosis has been examined. 
It has been confirmed that varying degrees of portal tract fibrosis in 
the liver are a frequent incidental observation among Bantu patients. 
No constant correlation was found between the degree of fibrosis and 
the amount of iron pigment in the liver. Further, cases of severe 
siderosis were seen without cirrhosis, and conversely, cases of cirrhosis 
without siderosis. Fibrosis was not observed in other markedly hemo- 
siderotic organs. 

The possible etiology of the condition has been discussed. It is 
unlikely to be due to metallic poisoning or parasites; it is doubtful 
whether undernutrition, malnutrition, or pellagra can be regarded as 
major etiologic factors. The possibility of oral iron overload occurring 
among these people would seem to merit further investigation. Finally, 
the different pattern of iron deposition in idiopathic hemochromatosis 
and Bantu siderosis argues against these conditions having a common 
etiology. 
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LEGENDS FOR FIGURES 


Unless otherwise stated, all sections are stained for iron-containing pigment by 
hot potassium ferrocyanide and hydrochloric acid, and counterstained with basic 
fuchsin. 


Fic. 1. Section of liver showing the slight portal fibrosis which is common among 
Bantu patients. Hematoxylin and eosin stain. X 105. 


Fic. 2. Fine multilobular cirrhosis in non-pigmented liver. Hematoxylin and eosin 
stain. X 105. 
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Fic. 3. Section of liver from case 14. Hemosiderin is almost entirely confined to 
the Kupffer cells. The spleen in this patient showed moderate iron pigmentation. 
X 140. 


Fic. 4. Large hemosiderin granules filling the parenchymal cells of the liver. This 
liver was classified as structurally normal. X 180. 


Fic. 5. This section shows Kupffer cells containing dense masses of hemosiderin 
lying in the sinusoids of the liver. In addition, heavy deposits of intracellular 
and extracellular pigment are present in the portal tracts. X 180. 
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Fic. 6. 


Infiltration of hemosiderin-laden macrophages into an area of fibrous scar- 


ring in the liver. Hematoxylin and eosin stain. X 210. 


Fic. 7. 


Fic. 8. Dense masses of hemosiderin in splenic pulp. X 210. 
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Fic. 9. Heavy hemosiderin deposits in substantia propria of duodenal villi. No pig- 
ment was found in Brunner’s glands. X 180. 


Fic. 10. Low-power view of duodenum and draining lymph glands. There are heavy 
deposits of hemosiderin in mucosa and glands. Same case as that from which 
Figure 9 was derived. X 20. 


Fic. 11. Dense masses of hemosiderin in portal lymph gland. The lymph follicle is 
relatively unaffected. X 180. 
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Fic. 12. Hemofuscin pigment in cells of muscularis mucosae of the stomach. Periodic 
acid Schiff’s stain. 1200. 


Fic. 13. Submucosal lymphatic in jejunum. The pigment (A) is hemosiderin; the 
finer granules (B) are fuchsinophilic pigment. X 525. 
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